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Manned Orbital Research Laboratory (MORL) is a versatile facilitv 

bility to function effectively under the combined dresses of the space 
environment for long periods of time. 

0 Intelligent selectivity in the mode of acquisition, collation, and trans- 
mission of data for subsequent detailed scientific analyses. 

ii 

1 
0 Continual celestial and terrestrial observations, 

Future application potential includes use of the MORL as a basic, inde- 
pendent module, which, in combination with the Saturn Launch Vehicles 
currently planned for the NASA inventory, is responsive to a broad range 
of advanced mission requirements. 

The laboratory module includes two independently pressurized compart- 
ments connected by an airlock. The larger compartment comprises the 
following functional spaces : 

' 

A Control Deck from which laboratory operations and a major portion 
of the experiment program will be conducted. 
An Internal Centrifuge in which members of the flight crew will 
perform re-entry simulation, undergo physical condition testing, and 
which may be useful for therapy, if required. 
The Flight Crew Quarters, which include sleeping, eating, recreation, 
hygiene, and liquids laboratory facilities. 

The smaller compartment is a Hangar/Test Area which is used for logistics 
spacecraft maintenance, cargo transfer, experimentation, satellite check- 
out, and flight crew habitation in a deferred-emergency mode of operation. 

The logistics vehicle is composed of the following elements : 
A Logistics Spacecraft which generally corresponds to the geometric 
envelope of the Apollo Command and Service Modules and which 
includes an Apollo Spacecraft with launch escape system and a service 
pack for rendezvous and re-entry maneuver propulsion; and a Multi- 
Mission Module for either cargo, experiments, laboratory facility 
modifications, or a spacecraft excursion propulsion system. 

0 A Saturn IB Launch Vehicle. 

Integration of this Logistics System with MORL ensures the flexibility and 
growth potential required for continued utility of the laboratory during a 
dynamic experiment program. 

In addition to the requirements imposed by the experiment program, sys- 
tem design parameters must reflect operational requirements for each 
phase of the mission to ensure: 

Functional adequacy of the laboratory, 
Maximum utilization of available facilities. 

0 Identification of important parameters for consideration in future 

For this reason, a concept of operations was developed simultaneously with 
development of the MORL system' 

planning of operations support. 
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PREFACE 

This report is submitted by the Douglas Aircraft Company, Inc., to the National 
Aeronautics and Space Administration's Langley Research Center. It has been 
prepared under Contract No. NAS1-3612 and describes the analytical and experi- 
mental results of a preliminary assessment of the MORL's utilization potential. 

Documentation of study results are contained in two types of reports: A final re- 
port consisting of a Technical Summary and a 20-page Summary Report, and five 
Task Area reports, each relating to one of the five major task assignments. The 
final report will be completed at the end of the study, while the Task Area re- 
ports are generated incrementally after each major task assignment is  completed. 

The five Task Area reports consist of the following: Task Area I, Analysis 
of Space Related Objectives; Task Area 11, Integrated Mission Development 
Plan; Task Area 111, MORL Concept Responsiveness Analysis; Task Area IV, 
MORL System Improvement Study; and Task Area V, Program Planning and Eco- 
nomic Analysis. 

This document contains 1 of the 5 parts'of the Task Area IV report, MORL Sys- 
t e m  Improvement Study. The study evaluates potential improvements to the MORL, 
necessitated by the limitations identified in Task Area 111, and evaluates those 
improvements stemming from investigations aimed at increasing the effective 
iiess of the MORL through the addition of new eystem dements .  

The contents and identification of the five parts of this report are as follows: 
Book 1, Douglas Report SM-48815, presents the summary of the Task Area effort 
and the results of the configuration, structure, electrical power, logistics system 
and performance analyses; Book2, Douglas Report SM-48816, presents the results 
of the analyses performed on the Environmental ControlILife Support subsystem; 
Book 3, Douglas Report SM-48817, presents the results of the analyses performed 
on the Stabilization and Control subsystem; Book 4, Douglas Report SM-48818, / 
presents the results of the analyses performed on the Communications and Tele- 
metry subsystem; Book 5, Douglas Report SM-48819, presents the results of the 
analyses performed on the Propulsion subsystem. 

Requests for further information concerning this report will be welcomed by 
R. J. Gunkel, Director, Advance Manned Spacecraft Systems, Advance Systems 
and Technology, Missile & Space Systems Division, Douglas Aircraft Company, Inc. 

/ 
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Section 1 

INTRODUCTION AND SUMMARY 

The combined Phase  IIa and Phase  IIb studies have seen the total MORL con- 

cept p rogres s  f r o m  a f i r s t  generation space station supporting a relatively 

modest  1 -year experimental  p rogram to a second generation space station 

with a n  anticipated miss ion  duration of m o r e  than 5 y e a r s  in which a major  

objective i s  to conduct a vastly expanded experimental  p rogram.  

t ransi t ion,  the baseline orbit  inclination has  been shifted f rom 28. 7"  to 5 0 " ,  

and the projected launch date has been moved to  the ea r ly  1970's. 

In this  

In keeping with this evolution of MORL, the baseline communication/ 

te lemet ry  system and the ground support network configured in the ea r ly  

pa r t  of the Phase IIa study have been subjected to a sys tem improvement 

study, the bas i s  f o r  which was formulated in the Task  Area I11 MORL con- 

cept responsiveness  analysis.  Briefly,  support  of the expanded experimental  

p r o g r a m ,  coupled with the extension of the MORL operational life, dictates 

the need for a highly flexible, general-purpose data management sys t em- -  
one which i s  character ized b y  a read:'-- I l y  --------7--3hl I G p L  " S *  u L * l l l * u , * e  d2ta a c q n l i t l n n  a.nd 

p rocess ing  capability, has an  increased data s torage capacity, and can 

accommodate much higher data ra tes  than a r e  provided by the baseline sys -  

t em.  The increased role of man in the experimental  p rog ram suggests that 

the man/data-management-system interface be enhanced to allow the crew - 
men g rea t e r  control of the data acquisition, monitoring, editing, and analysis  

functions. The rescheduled launch date gives a n  opportunity for  fur ther  s y s -  

t e m  optimization, which may involve the integration of the data management 

function into the data t r ans fe r  requirements  of a l l  subsys tems,  the ut i l iza-  

tion of a unified c a r r i e r  sys t em for all MORL/ground communications, the 

implementation of an automated hard-copy data s torage and re t r ieva l  capa-  

bil i ty,  o r  the incorporation of data compaction techniques into the te lemet ry  

data acquisition function. The change in baseline orb i t  to a 50"  inclination 

1 



makes  the coverage t ime provided by the basel ine ground-support  network 

inadequate. 

these facts .  

A s e r i e s  of major  studies s temmed f r o m  a consideration of 

These studies a r e  summar ized  in the following paragraphs .  

In the baseline communicat ion/ te lemetry sys tem,  the g rea t e r  pa r t  of the 

data management function is implemented by two digital acquisit ion sys t ems  

known a s  the low-rate and the medium-ra te  P C M  sys t ems ,  the i r  associated 

tape r e c o r d e r s ,  a general-purpose computer,  and a data adapter .  With the 

exception of a few specialized computer input-output functions handled 

direct ly  by the data adapter ,  all data inputs t o  both the te lemet ry  sys t em and 

the computer a r e  handled through a central  addressable  multiplexer that can 

be interrogated on a t ime-shared  bas is  by the te lemet ry  p rogrammer  o r  by 

the computer (through the data adapter ) .  

input i s  completely under the control of the p rogram stored in the computer 

memory ,  and the p rogram can readily be changed by command f r o m  the 

ground through the digital command system. 

cing for  the te lemetry sys tems i s  limited to  two o r  th ree  fixed p rograms ,  

with some flexibility afforded by a manual patch panel. 

The data acquired for  computer 

The data acquisit ion sequen- 

The advanced data management concept developed in this phase of the study 

extends to  the te lemetry data acquisition function the same  flexibility p r o -  

vided the computer.  

cen t ra l  information control and s torage unit (CSU).  

acquisit ion of data f o r  t e lemet ry ,  this unit a lso controls  all data interchange 

between vehicle operational and experimental  subsystems,  including the com- 

puter and the human operator .  Departing f r o m  the conventional analog data 

distribution technique in which a separa te  c i rcui t  i s  used to c a r r y  data f r o m  

each source  to  the cent ra l  multiplexer and analog- to-digital (A/D) conver te r ,  

the advanced data management sys tem util izes an all-digital  data dis t r ibu-  

tion bus (DDB) f o r  the para l le l  t r ans fe r  of digital data f r o m  any source to 

any des i red  receptor.  

of a data source-point t e rmina l  (DST) located a t  each  data source o r  recep-  

tor .  The DST’s contain the required signal conditioning c i rcu i t ry ,  A / D  con- 

v e r t e r ,  add res s  decoding logic, and control logic. With the DST’s 

implemented with integrated c i rcu i t s ,  the sys t em i s  comparable in s ize ,  

This flexibility i s  achieved through a programmable 

Besides  controlling the 

This approach i s  shown to be feasible  through the use  
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weight, cost ,  and power requirements  to conventional sys t ems .  The other 

m a j o r  sys t em element  is a genera l  purpose control and display console 

(GPC),  one of which is located a t  each sys t em control station. All opera tor -  

inser ted  data, requests  for  information, and sys t em control a r e  implemented 

through the GPC. 

requi red  t o  efficiently p e r f o r m  the data management  function of a second 

generat ion space station. 

s y s t e m  conceptional organization and  doing sufficient detail de sign to  indicate 

feasibil i ty;  definition of a detailed sys tem specification and incorporation 

into the baseline communication/telemetry sys t em await  fur ther  definition of 

detail  e d r e  qui r e m e  nt s . 

This advance system provides the flexibility and speed 

The study was ca r r i ed  to the point of defining a 

The p r i m a r y  functions of the ground sys t ems  for  MORL include tracking, 

command, te lemet ry ,  and voice communications to  sat isfy the requi rements  

for  d a t a  t r ans fe r ,  navigation, and mission control. The baseline network 

consisting of remote  s i tes  a t  Corpus Chr is t i  and Cape Kennedy w a s  adequate 

t o  support  the operational and experimental  requi rements  of the MORL in a 

28. 7 "  inclination orbit. A pacing factor in  ground network configuration is 

the basel ine requirement  f o r  4 5  m i n .  /day of t e l eme t ry  dump t ime.  

min. /day  contact t ime w i t h  the ground a r e  provided f o r  a MORL with a 50"  

inclination orbi t  by the baseline network. 

i nc reased  to  9 0 ° ,  the coverage drops to 28 min.  /day. 

the network is  evident. 

Only 43 

When the orbi t  inclination is  

The need to  expand 

In this  study, a satell i te simulation computer  p r o g r a m  was used to  calculate 

coverage t imes  provided by various combinations of ground s i tes .  Based on 

the data obtained, it is recommended that Hawaii be added to the basel ine 

network to support  MORL in a 5 0 "  inclination orbit .  

near ly  66  min. /day. 

mended that both Hawaii and Guaymas be added t o  the baseline network. 

Coverage in  this case  is  near ly  53 min. /day. Another aspec t  of the study 

shows that the tracking which can be provided by the baseline network, o r  

any reasonable  extension of this network, to support  the navigation requi re  - 
ments  of the oceanographic experiments severly r e s t r i c t s  the number of 

Coverage provided is  

For  the case of the 90"  inclination orbi t ,  it  is r ecom-  

3 
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ocean ta rge ts .  

tion sys tem be 

In conclusion, it is  recommended 

investigated for  u se  on the MORL. 

that a n  autonomous naviga- 

Because a unified rf  c a r r i e r  sys t em of fers  possible  advantages of flexibility, 

low weight, l o w  power, low volume, e a s e  of installation and maintenance, 

and lower cost  redundancy, a n  investigation of the feasibil i ty of implementing 

such a sys tem to handle the MORL/ground communicatioi. requi rements  was 

undertaken. A significant consideration, in addition to technological and 

operational practicality, is the extent to which a n  appropriate  spacecraf t  

configuration is compatible with existing or  proposed ground te rmina ls .  

Therefore ,  the study determined the compatibility of the unified S-band s y s -  

t e m  (USBS),  being developed f o r  Apollo, with the MORL baseline communica- 

tion requirements .  

the baseline and  synchronous orbi ts ,  and f o r  two separa te  cases ;  the f i r s t  

case  allowed essentially no change to the sys t em a s  implemented for  Apollo; 

the other permitted significant spaceborne sys t em changes i f  these changes 

implied only minor additions to the ground sys t em data demodulators.  The 

f i r s t  case  proved inadequate in both quantity and quality of data t ransmiss ion .  

In the second case,  a modified sys tem was configured employing s u b c a r r i e r s  

at frequencies different f r o m  those used in the Apollo configuration. 

ficient number of channels were  thus obtained to handle a l l  MORL baseline 

data requirements.  

television signal and the te lemetered d a t a  on the F M  t r ansmi t t e r  only on a 

t ime-shared  basis.  

case ,  where continuous ground contact i s  possible. 

t e r  handles te lemetry and television signals simultaneously, the television 

video signal m u s t  be res t r ic ted  to a 750-kc bandwidth. 

noted is that the phase coherent ranging sys t em will not function properly 

with MORL in the rotating mode because the per iodic  switching between 

MORL antennas will introduce la rge  phase t rans ien ts  in the P M  t r ansmi t t e r  

signal. In this case ,  the C-band t ransponder  and ground-based FPS-16 

r a d a r  could be  employed to support  MORL in the baseline orbit .  

The evaluation was made relat ive to the MORL in both 

A suf- 

However, the sys tem can accommodate the full 2 .  16 m c  

This requirement  causes  no hardship in the synchronous 

When the FM t r ansmi t -  

Another res t r ic t ion  

The conclusion of the unification analysis  i s  that  it appears  feasible to con- 

figure a unified communication sys tem for  MORL which will u se  the major  



e lements  of the Apollo USBS ground stations.  An optimum design of such a 

s y s t e m  m a y  profitably be pursued when a n  updated communication baseband 

configuration reflecting the r e su l t s  of the advaiiced data managcmcnt sys tem 

study i s  defined. 

5 



Section 2 

REQUIREMENTS SUMMARY 

The requi rements  of the Phase  IIb Communications/Telemetry sys tem and 

of the Ground Support sys t em a r e  presented below. 

2 . 1  COMMUNICATIONS/TELEMETRY SYSTEM 

The communications / te lemet ry  system i s  responsible for  the acquisition, 

distribution, s torage,  and processing of data on board the MORL; the sys-  

t e m  i s  a l so  responsible for  the t ransmiss ion  and reception of data a s  well 

a s  voice communications between the laboratory and the ground, between 

the labora tory  and other orbiting vehicles, and between the c rew m e m b e r s  

of the laboratory.  

t ional and experimental  aspec ts  of the MORL mission.  

Requirements for these functions a r e  based on the opera-  

The present  definition of experiments and the lack of a fully definitive 

operations t ime-line analysis,  including ope rational and experimental  

events,  preclude a prec ise  specification of various p r ime  sys tem pa rame te r  

requi rements  at this tinle. 

f ac to r s  shown in Table 2-1 should a l so  include definition of operationally 

and experimentally dependent parameters .  The level  of information avai l -  

able for  these pa rame te r s  necessi ta tes  sys tem requi rements  evaluation on 

the bas i s  of paramet r ic  maxima and minima, pseudo-stat is t ical  and genera l -  

functional implications . 

Evaliiation of the fundamcnta! data management 

Table 2 -2  presents  a summary  of requi rements  that were  determined in 

Task  LII for word length, sample rate ,  and s torage ra te .  A significant 

number of measurements  require  word lengths in  excess  of the six-bit  data 

word used in  the baseline system. Also ,  a significant number of s enso r s  

requi re  sample r a t e s  exceeding the maximum available in  the baseline sys -  

t e m  (120 samples / sec ) .  The necessary  amount of c ross -s t rapping  required 

7 
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Table 2 - 2  

PiiASE IIb EXPERIMENTAL DATA MANAGEMENT 
REQUIREMENTS DISTRIBUTION SUMMARY 

Note 1. Word lengths required f o r  sensor  output quantization a r e  fa i r ly  
evenly distributed over  a range f r o m  4 t o  18 bits. 

resolution of the sensors ,  range uniformly f r o m  1 sample/min.  
t o  24, 000 samples / sec .  

Upper and lower s torage r a t e s  a r e  3 K bi ts /orbi t  and 75 M b i t s /  
o r  b i t ,  respectively.  

Percentages  determined on the basis of the total  number of s e n s o r s  
i n  the respect ive measurement  groups. 

2. Data point sample r a t e s ,  necessa ry  t o  p r e s e r v e  the des i red  

3. 

4. 

Experiment Groups 

48-Hour Analysis Group 
(principally oc e ano g r aphi c ) Par a m e t  e r 

Mete o r  ological 
Experiments  

Word length 1 t o  1 0  b i t s :  50% 

5 0% 11 t o  18 b i t s :  

Sample r a t e  1 sample /min .  : 3 0% 

1 t o  25 samples / sec :  69% 

1 K samples / sec :  1 % 

Storage r a t e  3 K bi ts /orbi t :  5 0% 

0. 7 to 3 M bits /orbi t :  50% 

6 bits:  

10 b i t s :  

5070 

50% 

1 t o  75 samples / sec :  5070 

0. 1 t o  2. 4 K samples / sec :  50% 

4 0  t o  500 K bi ts /orbi t :  3 0% 

1 t o  8 M bi t s /orb i t :  3 0 %  

35 t o  75 M bi t s /orb i t :  2 0% 
Video Data 2 0% 

9 



fo r  the baseline sys t em would not be prac t ica l  with the 16 channels available 

a t  120 sample /sec  o r  the 12 channels available at 40 samples / sec .  

The data generation r a t e s  present  a potential medium-ra te  recording and 

te lemet ry  (T/M) t r ansmiss ion  problem. If the ground network permi ts  a 

daily dump time of 45 min . ,  the medium-ra te  r e c o r d e r  can  accept data  a t  a n  

approximate ra te  of only 13 x 1 0  
6 words/orbi twithout  any l o s s  of data. 

If equivalent 8-bit words a r e  assumed,  the meteorological measu remen t s  

indicate average data generation r a t e s  f r o m  5 x 10 

10 x 10 words/orbi t .  

these  experiments a r e  not scheduled properly.  

ments  considered in  Phase  IIa a l so  contribute t o  the sever i ty  of the problem. 

3 t o  approximately 
6 The maximum allowable r a t e  could be exceeded if 

The physiological m e a s u r e -  

The vehicle sys tem storage problem could be reduced by a n  inc rease  in  

T / M  dump time through ground network expansion. A m o r e  reasonable  

solution appears  to  evolve f r o m  an inc reased  PCM storage,  readout, and 

t e l eme t ry  bandwidth capability. 

Severa l  experiments considered in  Phase  IIb (Oceanographic and Meteoro- 

logical measurements )  impose seve re  requi rements  in  the handling, s torage,  

and analysis  of photographs. 

cloud types,  cloud pat terns ,  and cloud coverage, indicate the generation of 

300 p ic tures  per day. 

hard-copy photographs with the logistics spacecraf t  because of the bulk 

involved. 

for  the ground may requi re  both on board photographic data reduction and 

high-resolution film scanning associated with wide-band t e l eme t ry  capability. 

A scan  resolution on the o r d e r  of 1,000 l i n e s / m m  is needed. 

requi red  t o  manually reduce photographic data  fu r the r  impl ies  the d e s i r -  

ability for  automated reduction techniques. 

bandwidth fur ther  indicate the need fo r  the development of pertinent compac- 

t ion techniques for  data. 

Three  of the meteorological measurements ,  

It may  be difficult to  r e tu rn  all of the accumulated 

Total data t r ansmiss ion  and provisions of quick look information 

The t ime  

The demands on te lemet ry  

10 



Simultaneous viewing of common briefing char t s  and other  ma te r i a l  by widely 

separa ted  c rew m e m b e r s  indicates the desirabi l i ty  of an automatic microf i lm 

re t r i eva l  and in t ra labora tory  display sys t em addressable  f r o m  various moni- 

t o r  stations.  

The record ing  of voice comments  relative to various qualitative observations 

c once rning equipment performance,  ope rat ing procedure s, malfunctions, 

p roblems,  and observations of unusual phenomena encountered is indicated. 

The probable bulk of verbal  recording and the relatively short  ground contact 

t i m e s  dictate the requirement  for  an analog t r ansmiss ion  channel with a l a rge  

information bandwidth. 

The r f  t r a n s m i s  s ion/recept ion channels identified for  the MORL a r e  tabulated 

i n  Table 2-3. This requirement  is la rge ly  independent of miss ion  fac tors  

such a s  orb i t  inclination and orbi t  altitude. However, significant sys t em 

p a r a m e t e r s  including bandwidths and gain margins  a r e  dependent on the 

t r ansmiss ion  distance a s  well a s  the requi red  channel intelligence, band- 

width, and ground t r ansmi t t e r / r ece ive r  charac te r i s t ics .  The baseline r f  

s y s t e m  cha rac t e r i s t i c s  a r e  satisfactory for  all 200-nmi miss ions  when 

assoc ia ted  with the baseline data  management and ground sys tems.  

The additional 25 dB space l o s s  for  synchronous altitude el iminates  the 

possibil i ty of using the omnidirectional MORL antennas a s  well a s  the 

C-Band ground r ada r  sys tems f o r  this mission. 

requi red  i n  o r d e r  t o  achieve higher sys t em gains,  and the operational com- 

plexity associated with the number of directional antennas that would be 

requi red  by the baseline configuration fu r the r  emphas izes  the desirabi l i ty  

of a unified rf c a r r i e r  sys t em such a s  the Apollo Unified S-Band system. 

Directional antennas a r e  

2 . 2  GROUND SUPPORT SYSTEM 

The p r i m a r y  functions provided by the ground sys t ems  for  MORL include 

tracking, command, te lemet ry ,  and voice communications. The operational 

and experimental  aspec ts  of the MORL miss ion  establ ish requi rements  on 

(1) the use of remote s i te  and IMCC faci l i t ies ,  ( 2 )  the use of the data  and 

voice communications c i rcu i t s  between IMCC and the remote s i tes ,  and 

11 
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(3 )  the  number and locations of the remote s i tes .  F o r  the first two i tems ,  

the requi rements  depend la rge ly  on the MORL and IMCC equipments to  be 

interfaced.  No significant changes have been identified in  Phase  IIb. 

Network requi rements  were  given ma jo r  emphasis  in  Phase  IIb because of 

the coverage implications associated with the consideration of the 50"  and 

90" inclination missions.  

opportunities and durations necessary  t o  support the  mission.  

These requirements  a r e  set  by the contact 

2. 2 . 1  Tracking 

If the  baseline navigation technique is  t o  provide the accurac ies  given i n  

Table  2-4, operational t racking requi res  a t  l ea s t  one t racking opportunity 

p e r  orbi t  for  t h ree  successive orbits with a succeeding occultation period of 

no g r e a t e r  than 13 orbits.  

Additional navigation accuracy requirements  associated with c r i t i ca l  experi-  

mental  measurements  requi re  significantly m o r  e t racking opportunities, and 

m a y  requi re  tracking just  p r io r  t o  the collection of experimental  data. 

2.2. 2 Command 

The basel ine navigation technique requi res  a command opportunity fo r  

ephemer i s  update within one orbit  a f te r  the th ree  successive t racking 

opportunities. In addition, commands relat ive t o  MORL orbitkeeping m u s t  be 

i s sued  approximately once eve ry  7 days. 

Experiment  re la ted commands, such a s  s enso r  pointing angles,  a r e  re la ted 

t o  the specific experiment tracking problem. 

t iming for  the track-compute-command cycle p re sen t s  a difficult network 

problem, and suggests  that  ser ious consideration be given t o  a l te rna te  navi- 

gation technique s including autonomous navigation. 

F o r  high accuracy  requi rements ,  

13 



Table 2-4 

NAVIGATION SYSTEM OPERATIONAL REQUIREMENTS 

Function 
Requirements  

(mi) 

Rendezvous 
Or  bit keeping 1 *:: 
Cargo module deorbit  50  

Laboratory deorbit  50  

Data capsule deorbit  2 

Fe r ryc ra f t  deorbit  2 

::Ground t r ack  only 

8*Ve r t ical  only 

2. 2. 3 Telemetry 

Network requirements  for te lemet ry  a r e  based on the t e l eme t ry  recording 

r a t e  and capacity, playback rate ,  a s  well a s  the need to  eliminate recorded  

PCM overflow. 

r a t e  combine with these fac tors  to  determine the requi rements  which must  

be provided by the ground network. 

The maximum occultation per iod and the minimum dump 

The baseline low-rate PCM reco rde r ,  operating in  the prescr ibed  continuous 

r eco rd  mode at 15/32 ips ,  can r eco rd  for  approximately 17 hours .  

t ime  of 32 min. i s  required every  17 hours  for  the 2,400 f t  of tape at the play- 

back r a t e  of 15 ips .  

45 min. /day with a maximum allowable occultation period of 17 hours.  

A dump 

Thus, the total  required dump t ime  for th i s  sys t em i s  

The medium rate r eco rde r ,  with a tape length of 2 ,400 f t  and a playback 

speed of 15  ips  requi res  32 min. for  complete tape dump. 

2. 2 .4  Voice Communications 

Availability of at l eas t  one voice contact per  orbi t  has  been indicated a s  

desirable .  Since the baseline MORL can  t r ansmi t  in a high power emergency 

voice mode (20 W instead of the normal  5 W), th i s  capability i s  achieved with 

special  ground t r ansce ive r s  a t  selected emergency ground s i tes .  
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Section 3 
MORL IMPROVEMENT STUDIES 

3.1 ADVANCED DATA MANAGEMENT SYSTEM ANALYSIS 

The r e su l t s  of Task  I11 identified the need to expand the MORL data manage-  

ment  capability, p r imar i ly  in t e r m s  of the total  number of channels, range of 

sample r a t e s ,  and wordlengths required,  to p r e s e r v e  measurement  accu- 

r acie  s . 
upgrading the baseline sys t em indicated the desirabi l i ty  of investigating a new 

sys t em concept. Advances in  technology since the definition of the baseline 

sys t em permi t  consideration of a data management sys tem which would sat- 

isfy the new requi rements ,  facilitate grea t ly  increased operational flexibility, 

and allow increased  c rew control of the data management functions. F u r -  

t he rmore ,  the nature of the concept is compatible with significant sys tem 

definition p r i o r  to  firm commitment of requi rements .  

The p ro  j e cted weight -powe r -volume requi rements  as so ciated with 

The proposed data management system consis ts  of a cent ra l  programmable 

information control sys tem ( I C s )  which handles data  point sampling, infor- 

mat ion routing, console data inser t  and display servicing, and informatim 

storage,  re t r ieva l ,  and formatting. The sys tem a lso  includes a genera l  

purpose information processing system (IPS) f o r  logical and computational 

operations.  It is recognized that the ICs control function could be handled 

by the IPS, par t icular ly  in view of the expected advances in aerospace  com- 

puters  indicated in Table 3-1. 

study to facil i tate the analysis and maintain flexibility to accommodate other 

processing requi rements  not yet defined. This study consisted p r imar i ly  of 

an organization definition, necessary  initial tradeoff analyses ,  and a funda- 

menta l  feasibil i ty evaluation with respec t  to the new requirements .  

However, separat ion was maintained in th i s  

15 



k 

u 

16 

Ln 

co 
4 

0 
d 

il 



3 .  1. 1 

The information control sys tem (ICs) a rch i tec ture  i s  physically and function- 

ally separable  into four ma jo r  hardware groups: cen t ra l  information control 

and s torage  unit (CSU), data distribution bus (DDB), data source-point 

t e rmina l  (DST), and general  purpose control and display console (GPC).  

The CSU se rves  as the central  information routing and switching control 

and implements  the performance monitoring requirement .  

m a t i c  and manual signal selection and distribution i s  controlled by the CSU. 

In the sys tem t e s t  mode, the CSU di rec ts  t e s t  st imuli  to  a l l  subsystems,  

evaluates  t e s t  r e su l t s ,  and provides fault isolation data  to the ope ra to r ' s  con- 

sole.  A l l  information formatting, s torage,  and r e t r i eva l  control is mecha-  

nized in CSU logic. 

s torage  of data,  p rog ram instructions,  and constants.  

Information Control System Organization 

A l l  normal  auto- 

The CSU a lso  includes the memory  required f o r  the 

The da ta  distribution bus consis ts  of a group of l ines  with the i r  associated 

l ine d r i v e r s  and line r ece ive r s .  All CSU-controlled information t r ans fe r  

within MORL i s  routed over  this common bussing a r r a y .  

in the DDB fo r  the servicing of 512 signal source/dest inat ion t e rmina l s .  

Because specific source/destination pair ing is accomplished by the double 

addres s  control of the CSU, the complete flexibility inherent  in the CSU-DDB 

affords  a r b i t r a r y  addition, deletion, o r  modification of interfacing senso r s  

without a l ter ing the I C s  hardware.  

Provis ion is made 

Located physically and functionally at the interface of each of the information 

s e n s o r s  and effectors  i s  a data source point te rmina l .  Ci rcu i t ry  contained in 

in these units provides the individual data sensor  with the necessa ry  e lec t r ica l  

signal conditioning and analog-to-digital (A-D) conversion. In addition, logic 

within the te rmina l  continuously interrogates  the addres s  and control l ines  of 

the DDB and, upon detection of the appropriate t ruth condition, t r a n s f e r s  its 

quantized senso r  output to the DDB data l ines  for  t ransmiss ion  to the dest i -  

nation dictated by the address  field of the CSU instruct ion in control. 

DST opera tes  in  the r eve r se  fashion a t  an effector point; thus,  when the DDB 

The 
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addres s  line decoder sa t i s f ies  t ru th  conditions unique to the specific t e rmina l  

logic s t ruc ture ,  information is taken off the da ta  l ines  and t r a n s f e r r e d  to the 

t e rmina l ' s  buffer r eg i s t e r  fo r  subsequent conversion, conditioning, and 

effector  stimulation. 

required (for  example, by tes t  st imulus routing), mos t  of the te rmina ls  used 

in normal  system operation will be ei ther  inputs o r  outputs. but not both. 

While the DST logic pe rmi t s  two-way data  t r a n s f e r  a s  

The general  purpose control and display consoles (GPC),  located a t  the sys t em 

control stations, mechanize the man-machine interface.  Al l  opera to r -  

inser ted  data,  requests  fo r  information, and sys tem in te r rupts  a r e  mecha -  

nized, under CSU control, by the GPC. Information appropriate  to the mode 

selected at  the console, emergency a l a r m  indications, and the hard-copy fi le 

control and facsimile  displays a r e  presented to the opera tor  a t  the GPC. 

portion of the system is not fu r the r  defined in  this study. 

This 

F igure  3 - 1  is a simplified block diagram of a pre l iminary  DMS mechanization. 

Subsystems which require  la rge  quantities of information and whose rea l - t ime 

demands a r e  such that they cannot conveniently be programmed into the ICs  

cent ra l  control sequencing, a r e  indicated a s  having separa te  bus sing 

a r r angemen t s .  

3 .  1. 2 Control and Storage Unit (CSU) 

Figure  3 - 2  is an i l lustration of the genera l  organization of the CSU. 

pal control functions programmed in the CSU include: 

multiplexing, (2)  information s torage and re t r ieva l ,  ( 3 )  T / M  and display data  

formatt ing,  (4) fa i lure  his tory compilation, and (5) computer input/output 

P r inc i -  

(1) data  acquisition 

mechanization. 

f e r  instructions a r e  provided under CSU executive loop control (F igure  3 - 3 ) :  

To facil i tate these functions, the following three  bas ic  t r a n s -  

1. Point-to-point--Completes the logic path between a senso r ,  speci-  
f ied by the x-field, and an effector indicated by the y-field of the 
address  portion of the instruction. The source and destination 
a r e  outside the CSU. 

18 

1 
1 
I 
a 
a 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
1 



4 
I 

I 
I I 

I I 
I 
I 
, 

4-b 

0 z 

19 



cn 
3 m 

1 

i 

W 

I 



I - -  

I 
1 
I 
I 
I 
1 
I 
1 
I 
1 
I 
1 
I 
I 
I 
8 
I 

2. Control-to-output--Accesses information f r o m  the CSU output data 
r eg i s t e r  (ODR) and gates i t  to the ex terna l  destination specified in 
the instruction address  y-field. 

3 .  Inpxt-to-control--Transfers data f r o m  an external  sensor ,  desig-  
nated by the x -addres s  field, to the input data  r eg i s t e r  (IDR) of the 
csu. 

The notation of Figure 3 - 3  is as follows: 

1. Memory r eg i s t e r - -M 

2. Data source  address--ARS 

3. Destination address  regis ter--ARD 

4. Instruction register--1R 

5. The symbol ( ) indicates "contents of, ' I  while subscr ipts  r e fe r  to  the 
instruction word field diagrammed in F igure  3 - 4 .  

START 7 

TRANSFER 

(M,) +ARS 

(My) + A R D  

(Mot) + IR 

DATA DATA 
T R  AN SF E R PUT AWAY 

DATA 
FETCH 

7 

C 

Figure 3-3. CSU Executive Loop 

21 



As an example of the t r ans fe r  sequences,  F igure  3-5 i l lus t ra tes  the logic 

associated with the point-to-point t r ans fe r .  

below. Assuming the fail tag t e s t  i s  m e t  and the source  addres s  i s  NON- 

ZERO, the appropriate source  ( senso r )  i s  addressed  and the t r a n s f e r  data  

command goes t rue.  If the source point buffer is busy completing a con- 

vers ion,  the CSU control logic en te r s  an idle loop fo r  a prese lec ted  t ime.  

Continuation of the busy condition past  this t ime indicates a fa i lure  on the 

Source bus,  o r  in the DST, and a fai lure  alarm is presented  to the opera tor .  

The opera tor  can then force  an over r ide  o r  monitor  the senso r  output and 

exerc ise  judgments as to i t s  acceptability. 

e l iminates  the possibility of permanently shutting down a senso r  f o r  in te rmi t -  

tent fa i lures ,  such a s  a noise burs t .  

A typical operation i s  descr ibed  

The u s e  of a fa i lure  counter 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 1 1 2 2  23 24 25 26 27 28 29 30 
I 

x (SOURCE) ADDRESS FIELD X FAILURE y (DESTINATION) ADDRESS Y FAILURE OPERATION I 

Figure 3-4. CSU Instruction Word Format 

I 

OR HIGH ORDER BITS OF 
MEMORY ADDRESS FIELD 

COUNTER FIELD OR LOW ORDER BITS 
OF MEMORY ADDRESS 

COUNTER 

1 1 1 1 1 1 1 1  I I  



(A) 

X O R Y = l  OVERRIDE 

4 1  YES 

= o  

r 
TRANSFER: 
(OR) TO DESTI- 
NATION DATA 
BUS. GENERATE 
PARITY. OUT- 
PUTTRANSFER 
COMMAND 

TRANSFER DATA 

K l  

NO 

X FAILURE 
DECREMENT 
X FAILURE 
COUNTER 

ADDRESS COUNTER O.F. 

INDICATOR 1 DECREMENT 1 - 
I I K, 

" I  

RECEIVED OK 

= o  YES YES 

Figure 3-5. Transfer Instruction Sequencing 
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A non-zero destination addres s  pe rmi t s  the source  data  l ines  t o  be gated t o  

the appropriate destination (e f fec tor )  buffer.  

loop until a data received echo i s  re turned on the control bus line. 

The CSU logic e n t e r s  a n  idle 

I f  the destination addres s  i s  zero,  the appropriate  destination i s  the input 

data  r eg i s t e r  (IDR). In this  case ,  the sequence exi ts  to branch E,  which i s  

a data  bus confidence testing routine (F igure  3 - 6 ) .  

The maximum t ime through the point-to-point t r a n s f e r  sequence i s  approxi- 

mately 1. 2 psec, including instruction a c c e s s  t ime.  

case  idle loop t imes,  and is based on delay t i m e s  achievable in integrated 

molecular  c i rcui ts  commercial ly  available today. Assuming that the total  

s enso r  complement i s  512, and that each point is sampled once p e r  i terat ion,  

the "multiplexer" i s  scanning at  approximately an  800kc r a t e  so that each data  

point i s  interrogated at  a 1. 6-kc r a t e ,  o r  once eve ry  0 .6  m s e c .  

This a s s u m e s  wors t -  

These r a t e s  assume that 100% of CSU program t ime is devoted to senso r  

interrogation, which is not the case.  

s torage in memory ,  which typically requi res  a s  much as 1 psec. 

s iderat ions which reduce the effective senso r  sampling r a t e  of the CSU a r e  

the execution t imes required for  operations o ther  than point-to-point t r a n s -  

f e r s  and interrupt  servicing delays.  

s tored  e i ther  in  CSU memory  or in an auxiliary s to re .  

formatt ing function is implemented by the sequence of sensor- to-control  and 

control- to-memory instructions programmed in the CSU. Clearly,  the data  

memory  in se r t  will take t ime f r o m  the CSU multiplexing operation. 

over ,  a manual in te r rupt ,  when detected by the CSU logic, will take additional 

t ime to: (1) decode the data addres s  inser ted  by the opera tor ,  ( 2 )  r e t r i eve  

the information f r o m  memory  (CSU or auxi l iary) ,  and ( 3 )  t r ans fe r  the infor- 

mat ion to the appropriate display buffer. In addition, the CSU logic mus t  

a l so  r e t r i eve  up-link (DCS) data  f r o m  s torage  and route it to  the appropriate  

destination points. 

twice that of the point-to-point t r a n s f e r ,  and a typical p rog ram instruction 

mix is two long instruct ions pe r  shor t  instruction, the effective multiplexing 

r a t e  fo r  512 sensor  points is approximately 0 .  3 kc .  Both the long ins t ruc-  

tion execution time and the instruction mix t ime a r e  probably exaggerated.  

F o r  example,  no t ime i s  allotted f o r  

Other con- 

F o r  example,  t e lemet ry  data m a y  be 

In e i ther  case ,  the 

More-  

If i t  i s  assumed that these instruct ion execution t imes  a r e  
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(E) 
TRANSFER 

(IDR)-B 
ADD 

(@)--A 

7- 
= o  + 

USE DATA 
I 

b 

F A I L  COUNT. F A I L  COUNT. F A I L  COUNT’S 

1 1 1 
COUNTER 

1”” 
SET D A T A  BUS 

OUTPUT F A I L  
INDICATOR 

F A I L  T A G  = 1 

L 

lES 
SET DATA BUS 
F A I L  TAG = 1 
OUTPUT F A I L  
INDICATOR 

rES 
SET BOTH BUS 
F A I L  TAGS = 1 
OUTPUT FAIL  
INDICATOR 

DATA P T  F A I L  
COUNT. F IELD + COUNTER 

SET DATA POINT 

OUTPUT F A I L  
INDICATOR 

F A I L  TAG = 1 

Figure 3-6. A Data Bus Confidence Testing Concept 

INCREMENT DECREMENT 

F A I L  COUNT’S COUNTERS 

c> COUNTER 

I YES 

F A I L  TAGS= 1 
OUTPUT F A I L  
INDICATOR 
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Also, of course,  not all 512 senso r s  requi re  a sampling r a t e  this  high. 

f o r e ,  the 2. 4-kc requirement  identified in Task  I11 f o r  a l imited number of 

s enso r s  could be readily accommodated. 

The re -  

An advantage, both in speed and logic simplicity,  der ives  f r o m  the separat ion 

of p rogram and bulk data s torage indicated in F igure  3 - 2 .  

the fact  that DCS and T / M  data  servicing can be asynchronous with CSU opera-  

tion. Moreover,  the IPS input-output can be interleaved; that  is, the cent ra l  

p rocesso r  can access  CSU o r  T / M  s tore ,  through the common memory  bus,  

f o r  input-output operations during long instruct ion per iods of the CSU when 

the bus i s  f r e e .  

output servicing. 

T / M  memory  f o r  computer input-output data,  the cent ra l  computer a rch i tec-  

t u r e  i s  f r e e  of the complex, special-purpose logic s t ruc ture  normally 

required f o r input -output. 

This r e su l t s  f r o m  

Thus, no t ime i s  taken f r o m  the IPS p rogram f o r  IPS input- 

Fu r the rmore ,  where the IPS m e r e l y  addres ses  CSU o r  

Since te lemetry data formatting is an integral  pa r t  of the CSU program,  i t  i s  

obviously necessary  that  this program be duplicated in  the ground decommu- 

tation equipment if interpretation of T / M  data  is to be possible.  

technique might be to develop and debug these p rograms  on ground equipment 

and t r ansmi t  them to the laboratory by DCS o r  hard-copy program tapes.  

Moreover,  it may be des i rab le  to provide CSU instruct ion s torage sufficiently 

la rge  to accommodate three  o r  m o r e  separa te  p rograms  with the branching 

controlled by operator selection. 

one group of experimental  measurements  to another without t ime and power 

consuming memory  f i l l  operations.  Each of the p rograms  s tored  would, of 

course ,  require  an identifying header  for  decommutation recognition. A s  a 

resu l t  of the i r  inherent speed and weight advantage, consideration should be 

given to the use of core  o r  thin-fi lm m e m o r i e s  f o r  T / M  and DCS bulk s tore .  

Memor ies  of this type a r e  par t icular ly  a t t ract ive because te lemet ry  word 

r a t e s  of 2 m c  are  achievable with today 's  technology, with fu r the r  improve-  

men t s  expected by 1970. 

An operational 

This would enable rapid switching f r o m  
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3. 1. 3 

In genera l ,  information t r ans fe r r ed  

Data Distribution Bus (DDB) 

between the CSU and DST can be routed 

in one of th ree  ways: 

bus,  (2) a line may be provided f o r  each signal so that external  multiplexing 

i s  not required,  o r  ( 3 )  a compromise between these  ex t r emes  might be 

employed. 

(1) all data can be multiplexed on a single,  common 

Such information t r ans fe r  schemes, however, mus t  not only provide fo r  data  

t ransmiss ion  l ines ,  but a lso must incorporate  an addres s  and sequencing 

capability, including clock timing which i s  under CSU m a s t e r  control. 

the digital data bus consis ts  of: 

l ine o r  s e r i e s  of control l ines ,  and ( 3 )  a timing or  clock line. 

advantage of digital data t ransmission techniques is that l a rge  numbers  of 

s ignals ,  o r  data words,  can be serviced by a single bus at  relatively high data  

r a t e s  using straightforward multiplexing techniques.  Moreover ,  digital data  

l ines  yield to confidence testing techniques f a r  m o r e  readily than do the i r  

analog counterpar ts .  To incorporate a digital data t ransmiss ion  network 

within a sys tem without taking full advantage of these charac te r i s t ic  p rope r -  

t i e s  would r ep resen t  an unsound engineering pract ice .  

approaches to the MORL data t ransmiss ion  sys tem have been investigated, 

with a view to optimizing the maintainability, reliabil i ty,  and expandability 

of the t ransmiss ion  system. 

Thus, 

(1) an information line o r  wi re ,  ( 2 )  a control 

An immediate  

Severa l  design 

The common bus i s  physically composed of the following th ree  separa te  

functional line groups: 

1. Input-output addres s  bus--18 l ines .  

2.  Input-output data bus--20 l ines .  

3 .  Input-output control bus- -3  to 4 l ines  

Figure 3-1 i l lus t ra tes  the organization of the MORL sys t em around this  

cen t ra l  data t r a n s f e r  complex. 

below. 

the addres s  portion of the instruction is loaded into the CSU input-output 

addres s  r e g i s t e r s .  Each reg is te r  flip-flop i s  connected, through a line 

d r ive r ,  to the input addres s  lines of the DDB. After sufficient t ime has  

A typical input-output cycle is descr ibed 

Upon decode of the input-output t r ans fe r  instruction within the CSU, 
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elapsed fo r  the bus l ines  to stabil ize,  the CSU del ivers  a t r a n s f e r  command 

signal to one of the control l ines  of the DDB. This signal appears  a s  a con- 

tinuous t rue  state on the line until the received OK echo advances the CSU 

cycle counter.  

unique DST data-buffer-to-data-line gate which i s  sat isf ied by the addres s  on 

the source  address  l ines .  

addressed  source and the destination buffer r e g i s t e r s .  

t r a n s f e r  command and data received echo control s ignals ,  the CSU provides 

a m a s t e r  t iming  re ference  to  the DST through bus clock control l ines .  

The immediate effect  of the t r a n s f e r  command i s  to enable the 

A para l le l  t r a n s f e r  of da ta  occur s  between the 

In addition to the 

Instead of the bi t -paral le l  data  t ransmiss ion  scheme,  a s e r i a l  bus might be 

implemented reducing to one ( o r  two, fo r  backup) the number of data  l ines  

required.  

would remain  t rue  fo r  the number of clock t imes  equivalent to the number of 

serial bi ts  t ransfer red .  

pulse t ra in  delivered by the CSU to the bus clock control l ine.  

t r a i n  would then be gated to the addressed  DST output shift r eg i s t e r ,  s e r i -  

ally driving i t s  contents into the destination buffer shift r eg i s t e r .  

In this case,  the t ransfer  command would be a t ime envelope which 

Coincident with this  envelope would be a clock 

This clock 

A sentinel bit ,  the input word control bit,  a r r iv ing  a t  the end of the dest ina-  

tion shift reg is te r  would indicate that the t ransmiss ion  i s  completed. 

bi t  could set  the addres s  decode envelope into the f a l se  mode,  and inhibit 

f u r t h e r  clock pulses to the DDB control bus clock l ine.  

is then f r e e  to per form the bus confidence t e s t  and data  put-away function. 

The t iming diagram, F igure  3-7 ,  i s  intended to a s s i s t  in the understanding 

of the cycle descr ibed above. 

This 

The destination logic 

The s e r i a l  t ransfer  scheme provides economy of hardware  purchased a t  the 

p r i ce  of reduced sampling speeds.  

come severe  where high-frequency digital data is gated onto long line (for  

example,  20 to 30 ft)  runs .  

off con side rations that war ran t  fur ther  inve s tigation. 

Transmiss ion  line problems might be-  

These a r e  only two of the detailed design t r ade -  

The bus l ines  described in the previous paragraphs  a r e  te rmina ted  a t  the 

senso r  and effector in gated line rece iver  and d r ive r  ampl i f ie rs ,  i l lust rated 

in Figure 3-8.  In the f igure,  the number of data  l ines  does not agree  with 
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Figure 3-7. Serial Information Transfer Sequencing 

that  indicated in the DDB discussion, and the two-way path necessa ry  f o r  the 

built-in sys tem diagnostic testing function has  been omitted. However , the 

f igure i s  complete enough to i l lustrate  a possible conceptual mechanization 

technique. 

When the t ruth condition of the address  l ines  on the DDB a r e  such a s  to br ing 

t r u e  the addres s  decode gates  a t  the output of the line r ece ive r s  (LR) ,  and 

when both the Trans fe r  Command and OK To-Transmi t  l ines  a r e  t rue ,  the 

converter  r eg i s t e r  flip-flop gates to the data line d r i v e r s  a r e  enabled, and 

information is dumped, in parallel ,  onto the bus data l ines .  Although the 

d iagram does not i l lustrate  i t ,  the OK To-Transmi t  signal is a l so  gated to a 

bus control line (for example,  C 3 )  and this signal indicates to the CSU that 

valid data  a r e  present  on the bus.  

Two conditions could inhibit this signal and, therefore ,  the line d r ive r  input 

gates .  

fa l se  until the conversion cycle control counter has  t imed out, that  is, until 

F i r s t ,  the timing and control logic will hold the OK To-Transmi t  line 
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the converter  has  completed a quantizing operation, leaving the flip-flop 

r eg i s t e r  loaded with valid data.  

s enso r  device will hold the line down and prevent t r ans fe r  of e r roneous  

information. Of course ,  the self- tes t  gating built into the DST control and 

t iming logic could be or ' ed  with the device no-go signal to  inhibit the OK 

To-Transmi t  line in  case  of local  logic failure.  

Secondly, a no-go indication f r o m  the 

The f igure  indicates incorporation of a res i s tance  ladder  converter ,  o r  

cu r ren t  weighter. The converter  opera tes  on a se rvo  principle,  that is, 

t iming logic will r e s e t  the flip-flop r eg i s t e r ,  leaving the mos t  significant 

stage t rue .  A one in  this flip-flop enables a logic switch connecting a p re -  

cision, scaled-current  (n  FA) path to the input of the comparator  amplif ier .  

Lf the scaled cu r ren t  i s  g rea t e r  than the conditioned analog input, the f l ip-  

flop i s  turned off. 

to the input var iable ,  the flip-flop i s  left on. In e i ther  case ,  the conversion- 

control cycle counter advances and s e t s  the second mos t  significant flip-flop. 

This  enables a second cu r ren t  path (n /2  PA) to the comparator  amplifier 

input, where i t  is algebraically added to the input cur ren t .  

se t -compare  and r e s e t  ( o r  leave set) ,  continues until al l  flip-flops have been 

serviced.  The result ing magnitude number in the r eg i s t e r  is a scaled binary 

representat ion of the measu red  current  enter ing the compara tor ,  where the 

difference between this cur ren t  and the analog input signal cur ren t  has  been 

adjusted to be a s  neai-ly zerG a s  the round-off limits p z r ~ i t .  

r eg i s t e r  contains a binary number scaled to the input analog signal. 

3 - 9  and 3-10 clarify the above discussion. 

employed at  each data  point cannot be specified until the signal conditioner 

output cha rac t e r i s t i c s  a r e  known. This ,  in turn,  r equ i r e s  specification of 

the senso r  instrumentation. 

Conversely, if the precis ion cu r ren t  is l e s s  than that due 

This p rocess ,  

rzlence, the 

F igu res  

The type of conversion technique 

The concept of local conversion (that is, replication of converter  hardware  

a t  each data  source point throughout the system) r ep resen t s  a significant 

depar ture  f r o m  c l a s s i c  central ,  t ime-shared conversion. Many of the con- 

cepts  presented h e r e  r e s t  on the feasibility of this mechanization. 
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Figure 3-9.  Remote Destination Point Algorithm (a) 
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Figure 3-10. Remote Destination Point Algorithm (b) 

Assuming cur ren t ,  off-the-shelf microcircui ts  and a total oi 3 1 ~  data source  

t e rmina l s  for  the system, the following f igures  a r e  derived f r o m  manufac- 

t u r e r ' s  data: 

Weight- -Approximately 40 lb .  

Volume--Approximately 0 .  9 cu f t .  

Power - -Approximately 150 W (assuming the one - sample -a t -a - t ime 
duty cycle).  

The weight and volume f igures  represent  the summation of weights and 

volumes of cur ren t  state-of-the-art  microchips  and an equal weight and 

volume fo r  mounting boards,  interconnection printing, and so for th .  

Advanced super  - chip technology, well through development now and avail-  

able in the MORL period, is expected to reduce these values significantly. 

F o r  example,  the converter  will require 

flip-flop r eg i s t e r  with i t s  associated input gating, a second mechanizing the 

r e s i s t i ve  ladder and electronic  switches, and a third providing the comparator  

th ree  chips,  one containing the 
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amplifier and summing c i rcu i t s .  

individual chips f o r  each flip-flop, gate,  ampl i f ie r ,  and switch. These con- 

s iderat ions indicate the feasibil i ty of considering the concept presented f o r  

ult imate incorporation in  the MORL DMS. 

The above weights and volumes a s sume  

Advances in microelectronics  will a lso r e su l t  in improvement  of analog 

multiplexing and t ransmiss ion  networks.  

cen t ra l  converter,  and concomitant analog switching and t ransmiss ion  a l t e r -  

native cannot be totally discounted a s  a MORL DMS sys t em candidate. 

Consequently, the t ime - sha re2  

3 . 2  GROUND NETWORK ANALYSIS 

The baseline network of Texas  (Tex) and Cape Kennedy (Ken) which was 

defined f o r  the 28 .  5 
t ime of only 4 3  and 28 min.  fo r  the 50 and 90 inclination miss ions ,  r e spec -  

tively. 

o r  replacement of the baseline s i tes  to  es tabl ish sat isfactory networks f o r  

these additional miss ions .  

0 .  inclination mission r e su l t s  in an average daily contact 
0 0 

Therefore ,  var ious s i tes  (Table 3 - 2 )  were considered for  addition to,  

The study used a computer-based simulation sys t em known a s  SRMS (the 

IBM surveil lance,  reconnaissance,  and miss ion  simulation) to generate  si te 

contact data. 

grade (west to east)  motion. 

this is not a limiting factor  because the MORL will maintain an a lmost  con- 

stant altitude by utilizing reboost.  

The p rogram considers  an ell ipsoidal E a r t h  model and posi-  

It does not include the effects of drag;  however,  

The resul tant  site contact data were  reduced considering contact redundancy 

fo r  s eve ra l  selected networks. 

evaluated based p r imar i ly  on the average coverage t ime  obtained, the day-to- 

day coverage consistency, the s ize  of the network, the location of the s i tes ,  

the number of orbits during which contact i s  made ,  the s ta tus  of the on-si te  

instrumentation, and site -to- center  communication l inks.  

Comparative network effectiveness was 

The networks selected f o r  the 50° and 90° miss ions ,  Tex-Ken-Haw and Tex- 

Ken-Haw-Gym respectively,  were  also evaluated in t e r m s  of average occul- 

tation period, average number of successive orb i t  contacts,  and average 

contact duration to  ensure  responsiveness  to the related requi rements ,  f o r  

example,  tracking duty cycle. 



Table 3-2 

SITE LOCATIONS 

Latitude Longitude 

Abbrevia- (deg/min. / (deglmin. / 
North" East" 

Station Name tion sec)  s e c )  Notes 

Cape Kennedy 

Bermuda 

Antigua 

Ascension 

Grand Canary  

Guam 

Hawaii (Kauai) 

Guaymas 

Corpus Chr is t i  

C anbe r r a 

Goldstone 

Madrid 

Car rna rvon  

Boston 

Minneapolis 

Seattle 

Ken 

B da 

Ant 

Asc  

C yi 

Gua 

Haw 

Gym 

T e x  

Can 

Go1 

Mad 

Cro  

B os 

Mpls 

Se 

28/28/55 

32 12014 9 

17/08/13 

- 7/55 148 

27/43 148 

13/27/00::: 

22/07/46 

27/57/29 

2713 91 18 

-35/13/ 10 

35/23/24 

40/20/02 

- 2 4 /  581 01 

42/21 124 

44/58/57 

47/36 132 

-80134134 

- 64 / 3 9 114 

-61/46/26 

-14124111 

- 15 136 / 0 0  

1 44 / 4 7 / 0 0 ::: 

- 15 91401 04 

- 11 01431 16 

4 7 / 2 2  148 

148 I58 148 

-116/51/OO 

- r /  I I / 38 

1 13 143 101 

-71 103125 

- 93 11 5 143 

-122/20/12 

A I 1  1 l r  

Existing NASA 

Existing NASA 

Existing USAF 

Existing USAF 

Existing NASA 

- 
Existing NASA 

Existing NASA 

Existing NASA 

DSIF 

DSIF 

DSIF 

Existing NASA 

- 

- 
- 

::These f igures  a r e  not exact 
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Three  hypothetical s i t e s ,  Boston, Minneapolis, and Seatt le,  were  used in 

examination of the effectiveness of these high-latitude locations (Tables  3-3 

and 3-4) .  These s i tes  were  also used in a shor t  analysis  on the influence of 

s i te  latitude on the number of contacts obtained p e r  day, the average t ime 

p e r  contact, and the average coverage over  a 5-day period. 

cates  the general  t rends for  the 50° case.  

the following factors:  

so that  a m o r e  norther ly  s i t e ' s  coverage boundary would be c ros sed  m o r e  

often, (2) any site located so that i t s  coverage boundary extends beyond a 

latitude equal to the orbi ta l  inclination angle would waste pa r t  of i t s  coverage 

capability, and (3 )  the crossing t ime of the coverage boundary i s  g rea t e r  fo r  

the higher latitude s i tes  a s  the resu l t  of f a c t o r s  such a s  the angles of c ross ing  

and the effect of E a r t h  rotation. 

Table 3-5 indi- 

These t rends  a r e  the resu l t  of 

(1) the density of the orb i ta l  paths inc reases  with latitude 

The Goldstone site was investigated because i t  is at a latitude (35O 23 ' )  which 

i s  n e a r  optimum, a s  viewed in light of fac tor  2 in the previous paragraph;  

that  i s ,  the northerly edge of the coverage boundary i s  approximately tangent 

to the 50° line of latitude. 

i t s  coverage boundary is 14 

orb i ta l  altitude. ) 

(The Ear th-centered  angle between the si te and 

43'  fo r  a 50° elevation angle and a 200 nmi  0 

0 For the 90 mission,  i t  can be seen,  in Table 3-6 ,  that both the number of 

contacts and the coverage duration pe r  contact i nc reases  with si te latitude. 

This occurs  because the orbi t  t r a c e  density and, thus,  the number of t r a c e s  

which pass  through the s i te  coverage a r e a  inc reases  a s  the s i te  location 

approaches the pole. 

pas s  within the s i te  coverage a r e a  approach a full  coverage a r e a  d iameter  

t r a c e .  (For a s i te  at the pole, all t r a c e s  p a s s  through the coverage a r e a  and 

a l l  a r e  full coverage d iameter  t r a c e s . )  

Fu r the rmore ,  a g r e a t e r  percentage of the t r a c e s  which 

The data generated by use of the SRMS a r e  summar ized  in tabular  and graph-  

ica l  f o r m  in the Appendix. 

analysis ,  the MORL orbi ta l  altitude has  been changed f r o m  200 nmi to 

164 nmi. Although the general  conclusions of the study remain  valid, i t  

should be noted that the identified coverage t imes  would be reduced by approx- 

imately 1070, and the t imes  a t  which contacts will occur  will be different. 

I t  should be noted that since completion of this  
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3 .  2. 1 The 50° Inclination Mission 

The Hawaii and Guaymas s i tes  were given p r ime  consideration a s  additions 

to the baseline network fo r  the 50 

coverage t ime f o r  the baseline network, the individual and collective addi- 

t ions of Hawaii and Guaymas to  the baseline network, the Gol-Tex-Ken 

network, and the hypothetical Seattle-Minneapolis -Boston network. The 

l a t t e r  two networks a r e  included for comparison. 

average daily coverage fo r  these networks (exept the hypothetical network),  

as well  as the day-to-day coverage variations.  

o mission.  Table 3-3 shows the 5-day 

Figure  3-11 shows the 

The addition of e i ther  Guaymas or Hawaii to the baseline network will resu l t  

in m o r e  than the required 45 min. of coverage pe r  day. However, Hawaii 

i s  m o r e  effective than Guaymas because of the l a rge  contact redundancy 

between Tex and Gym. 

be t t e r  day- to - day cove rage cons is t en cy. 

Fu r the rmore ,  the Haw-Tex-Ken network has  a much 

The l a rge  redundancy between Tex and Gym a lso  makes  the addition of Gym 

v e r y  ineffective in increasing the number of orbi ts  contacted; that is, Guay- 

mas provides contact fo r  only approximately 14% of the orb i t s  not a l ready 

satisfied by ei ther  Tex or Ken. 

with 53% of all orb i t s  not contacted by ei ther  Tex o r  Ken. 

Ken network would requi re  the emergency voice se rv ices  of only the Canary 

Island and Kano s i t e s  to ensure  contact on approximately 9 7 %  of all orbi ts .  

On the other  hand, Hawaii r e su l t s  in contact 

Thus,  a Haw-Tex- 

Based on these f ac to r s ,  Hawaii w a s  selected f o r  addition to  the baseline 

network for  the 50° inclination mission. 

The important coverage duty cycle p a r a m e t e r s  for  this  network a r e  a s  follows: 

1. 

2 .  Average occultation period--3 orbi ts .  

3 .  

4. 

Average usable contact time p e r  day--66 min. 

Average number of successive orbi ts  contacted--8 orb i t s .  

Average contact duration--5. 54 min. 

Table A-3 (Appendix) presents  the contact sequence, redundant contacts,  

usable t ime p e r  contact, and daily and total  coverage f o r  a typical 5-day 

period. 
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3 .  2. 2 The 90° Inclination Mission 

Table 3-4 and Figure  3 - 1 2  present  the tradeoff da ta  for  the 90° inclination 

network selection. 

f o r  the 50° case  provides sufficient daily coverage ( 5 2  min. /day) and a 

sa t i s fac tory  day-to-day coverage consistency. F u r t h e r ,  the Gym-Haw- Tex- 

Ken network r equ i r e s  only the use  of the Canary Island and ei ther  the Bermuda 

o r  Antigua s i tes  to provide the emergency voice one-contact-per-orbi t  si tu- 

ation fo r  approximately 9770 of all orb i t s .  

I t  is seen that the addition of Gym to the network selected 

The important  duty cycle pa rame te r s  f o r  the selected network a r e  as 

follows: 

1. 

2 Average occultation period--2 orbi ts .  

3 .  

4 .  

Average usable contact time pe r  day--52 min. 

Average number of successive orb i t s  contacted--3 orb i t s .  

Average contact duration--5. 8 7  min. 

Table A-12 (Appendix) p re sen t s  the detailed contact data  f o r  this  network. 

Although the MORL requi rements  can be m e t  with existing s i tes ,  the hypo- 

thet ical  s i te  coverage data  were  included to indicate the value of high- 

latitude s i tes  fo r  the 90 mission,  An average of 56 min. coverage pe r  

day can be real ized with this three-s i te  network. However, because of 

the high redundancy between the three norther ly  s i tes ,  virtually ide i i i i ed  

coverage would be provided by adding only one such s i te  ( for  example,  

Seattle) to the baseline network. 

average of approximately 54 min. of coverage pe r  day, a s  compared to 

the Gym-Haw-Tex-Ken network daily coverage of 5 2  min. 

0 

This three-s i te  network would afford an 

3. 3 R F  UNIFICATION ANALYSIS 

The following paragraphs present  an introduction and s u m m a r y  of the  rf 

unification analysis. 
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3. 3. 1 Introduction and Summary 

A unified r f  c a r r i e r  sys t em for  MORL i s  one in  which the MORL/ground 

voice, te lemetry,  television, command, and t racking links a r e  implemented 

with a minimum number of rf links (ideally one up-link and one down-link), 

Because such a sys t em offers  possible advantages in  flexibility, lower weight- 

power-volume requirements ,  ea se  of installation and maintenance, and lower 

cos t  redundancy, consideration has  been given during the var ious phases of 

the development of the MORL communicat ion/ te lemetry sys t em to  the use  of 

a unified rf c a r r i e r  system. 

technology, the Phase  I study presented a conceptual design of a unified S-band 

sys tem,  in  which two modes of operation of a single r f  link provided for  a l l  

MORL-to-ground communication. The sys t em was patterned af ter  the Apollo 

unified S-band sys t em (USBS), with the  s a m e  ranging and t racking scheme a s  

the USBS, but with a completely different premodulation p rocesso r  and with 

different s u b c a r r i e r  frequencies.  Since the unified sys t em did not accommo- 

date  MORL/logistics vehicle voice communications, a separa te  vhf voice link 

had to  be provided for that  function, and the total  sys t em implementation 

resul ted in a weight increase  over the selected system. 

As a n  a l te rna te  t o  a sys t em based on Gemini 

During the ea r ly  pa r t  of the Phase  IIa study, when revis ions s temming f r o m  a 

shift of the  proposed launch date of MORL to the post-1970 t ime  period w e r e  

made  to the communicat ion/ te lemetry system, consideration was again given 

t o  the  use of the Apollo unified S-band sys t em fo r  MORL. 

could not accommodate the  video bandwidth of the MORL television system, 

and again since a s epa ra t e  vhf voice link would have to be provided for  MORL/ 

logis t ics  vehicle communication, the USBS was not adopted for  MORL. 

Rather ,  the b a s  eline communication/ t e lemet ry  s y s t e m  de scr ibed  in Reference 

2 was specified. 

Since the USBS 

During th i s  t ime period, the Apollo USBS concept was evolving into a sys t em 

utilizing two down-link S-band c a r r i e r s  and one up-link c a r r i e r .  This concept 
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was  not only for communication at  lunar dis tances ,  but a l so  to support Apollo 

in  a nea r -Ea r th  orbit. This  extended concept requi red  the implementation of 

a USBS receiving capability a t  s eve ra l  ground s ta t ions of the manned space 

flight network (MSFN). 

at these s i t e s  a r e  prec ise ly  the equipment required to rece ive  the S-band 

t e l eme t ry  and television l inks f r o m  the MORL basel ine system, Of course ,  

a data demodulator which i s  different  f r o m  the one required for  Apollo will  

be  required,  but it is important to note the significant a r e a  of support  that  

the MSFN USBS ground stations can provide to  the basel ine MORL 

communication/ t e l eme t ry  sys  tem. 

The 30-ft S-band antennas and the r ece ive r s  instal led 

The last half of the Phase  IIa study saw the expansion of the MORL miss ion  

to  include operation in synchronous orbits.  Clear ly ,  the basel ine 

communicat ion/ te lemetry sys t em could not opera te  over  a range of 19, 300 

nmi; the added 2 5  dB space loss  would render  the MORL-to-ground links 

ineffective. 

will not t r a c k  at that  range. 

viding MORL with a high-gain antenna. 

problem i s  t o  utilize the ranging and t racking capabili t ies of the USBS. 

it i s  not a requirement  that  the same  communicat ion/ te lemetry sys t em con- 

figuration be utilized for both nea r -Ea r th  and synchronous miss ions ,  this  

fea ture  is desirable.  This fact  prompted a m o r e  detailed investigation of 

the US3S  concept a s  applied to the MORL during the ear ly  pa r t  of the Phase  

1% study. It i s  th i s  study which i s  summar ized  h e r e  and presented in detail  

in subsequent paragraphs.  

Also, the  FPS-16 rada r  used fo r  t racking in the basel ine sys t em 

The f i r s t  difficulty could be overcome by pro-  

The obvious solution to the second 

While 

The study assumed that  the mos t  significant consideration, in  addition to 

technological and operational pract ical i ty ,  was the  extent of compatibility of 

an appropriate  spacecraf t  configuration with existing o r  proposed ground 

te rmina ls .  Therefore,  the  study examined the compatibility of the MORL 

basel ine communication requirements  with the Apollo unified S-band sys t em 

vehicle and ground equipments. 

in Reference 3 was used a s  the USBS model. 

The general ized USBS configuration depicted 

The study involved both the 200 nmi and synchronous orbi t  ca ses ,  and consid- 

e r e d  the applicability of the unmodified USBS, a s  well  a s  possible 
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modifications which would enhance MORL requi rements  accommodation 

without compromising the use  of the USBS ground te rmina ls  for  the Apollo 

program. 

F o r  the purposes  of evaluation, two specific USB sys t em configurations w e r e  

considered. The f i r s t ,  r e f e r r e d  to  a s  MORL/USBS No. 1, is  essent ia l ly  the 

s a m e  a s  the Apollo USBS with only minor  modification to  the premodulation 

processor .  The second, r e f e r r e d  to a s  MORL/USBS No. 2, makes  extensive 

changes to the premodulation processor .  

on the bas i s  of the data quantity (bit r a t e / r e sponse )  and data quality (dB m a r -  

gin in  S / N )  which they afforded. 

summar ized  in Table 3-7, which also l i s t s  comparable  pa rame te r s  of the 

basel ine system. It i s  evident f r o m  the tabulated data that  t he  MORL/USBS 

No. 1 generally provides lower system margins  and a reduced data handling 

capability, 

ment ,  except that  the television signal bandwidth i s  reduced f r o m  2. 16 m c  to 

750 kc. System margins  a r e  a lso generally lower than those provided by the 

basel ine system. Operation of either of the sys t ems  at  synchronous altitude 

would requi re  the u s e  of a high-gain antenna on MORL. Sufficient gain could 

be  obtained to not only overcome the additional 25 dB space lo s s ,  but a l so  to  

improve the sys t em margins  tabulated in  Table 3-7. 

capabili t ies would remain  the same, however. An a l te rna te  configuration, 

making u s e  of sys t em time-sharing afforded by coiitiniioiis eorraxinication 

capabili ty f rom synchronous orbit ,  was also analyzed and the feasibil i ty of 

operation shown. 

one, ra ther  than two, up-link voice channels. Additional provisions would 

b e  required for  voice communications with the logistics vehicle. 

function will not operate  proper ly  when the MORL is in a rotating mode 

(caused by phase t rans ien ts  introduced in  the  t ransmi t ted  signal by switching 

f r o m  one antenna to another).  

Both of these  sys tems were  analyzed 

The resu l t s  for  the 200-nmi orbi t  c a s e  a r e  

The MORL/USBS No. 2 m e e t s  the ma jo r  data quantity requi re -  

The data  handling 

It i s  noted that in a l l  c a s e s  these  sys t ems  provide only 

The ranging 

While this  study concludes that the unmodified Apollo USBS does not totally 

mee t  the MORL/ground basel ine communication requi rements ,  i t  does show 

that significant improvements  can be obtained without ma jo r  modification of 

the USBS ground terminal .  It also points the  way to the eventual incorporation 
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of a 

The 

unified rf c a r r i e r  concept 

prospect  of this change is 

in the MORL communicat ion/ te lemetry system. 

heightened by the NASA efforts to expand the 

capabili t ies of the Apollo USBS. For instance,  information obtained s ince 

the completion of this  study on the la tes t  configuration of the Apollo USBS 

indicates  that: 

on the 1. 024 m c  subca r r i e r ,  (2) additional s u b c a r r i e r s  a r e  provided a t  95, 

125, and 165 kc, and (3) i t  would be a s imple ma t t e r  to add another s u b c a r r i e r  

t o  the up-link t r ansmi t t e r  to provide a second voice channel. 

t hese  fac tors  could resu l t  in a sys tem design for  MORL which would be  a 

considerable  improvement  over the MORL/USBS No. 2, which was analyzed 

in  this  study. 

(1) PCM bi t  r a t e s  as high a s  200 kbps can be  accommodated 

Application of 

3. 3. 2 MORL Unified S-Band System (1, 100 nmi  Slant Range) 

The following paragraphs d iscuss  the MORL Unified S-band sys t em at a 

1, 100 nmi slant range. 

3. 3. 2. 1 Unmodified USBS (MORL/USBS No. 1) 

A communicat ion/ te lemetry system utilizing the ma jo r  fea tures  of the USBS 

for  the MORL data requirement  i s  shown in F igure  3-13. The shaded po r -  

t ions of the  f igure depict those functional components which mus t  be added 

to  the present  USB sys t em configuration to provide multiplexing of rea l - t ime 

t e l eme t ry  and a continuous anaiog channei. 

a l t e r  the bas ic  USBS equipment. 

'These additions do not ma te r i a l ly  

It will be noted in the block diagram that  present  USBS data channels for  PCM 

te l eme t ry  and voice have been retained for  the MORL/USBS No. 1, and the 

television channel has  been modified to  the extent of reducing the video band- 

width f r o m  the 500 kc used in  the Apollo USB sys t em to  375 kc. The 1. 25 m c  

s u b c a r r i e r  modulation above the voice channel baseband has  been changed 

f r o m  the normal  biomedical subca r r i e r  composite (4. 0, 5. 4, 6. 8, 8. 2, 9. 6, 
11, 0, and 12. 4 kc subca r r i e r  osci l la tors)  to a single s u b c a r r i e r  osci l la tor  

a t  12. 5 kc. This makes i t  possible t o  c a r r y  ei ther  r ea l - t ime  PCM te l eme t ry  

(2. 4 kbps) for  the coherent rf c a r r i e r  o r  a 2-kc continuous analog data signal 

c a r r i e r  for  the FM c a r r i e r .  The PCM te lemet ry  bit  ra te ,  51. 2 kbps, used on 

the Apollo USBS equipment was retained for  this  MORL/USB system. 
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The information bandwidth of USB television video f r o m  the Apollo c a m e r a  

685 kc (320 l ines ,  10 f r a m e s / s e c ,  and a 4:3 aspec t  ra t io) .  The signal is 

f i l t e red  by a 500-kc low-pass f i l ter ,  result ing in a horizontal  resolution of 

i s  

235 television l ines.  An analysis  of the MORL sys t em indicates that  main-  

tenance of the received television signal-to-noise ratio,  23 dB, requi res  an 

rf modulation index of a t  l ea s t  1. 0. As a resul t ,  significant second-order  

s ide -cu r ren t  pa i r s  a r e  generated which, if a 500-kc video bandwidth w e r e  

allowed, would resu l t  in se r ious  interference in the passband of the 1. 024 m c  

PCM subca r r i e r  channel. F o r  purposes of this study, the aspect  ra t io  of the 

MORL/USBS television picture  was reduced to 1:l. With this ra t io ,  the  ho r -  

izontal  resolution of the MORL/USBS i s  maintained a t  235 l ines.  

The USB ground data recovery  sys tem provides adequate bandwidth to demodu- 

la te  the biomedical FM te l eme t ry  composite, Utilizing this  capability, the 

MORL/USB sys t em shown in Figure 3-13 places  the rea l - t ime PCM te l eme t ry  

on a 12. 5-kc subcar r ie r .  

voice, and the resul t ing composite modulates the 1. 25-mc subca r r i e r  on the 

FM (noncoherent) r f  c a r r i e r .  

This subca r r i e r  output i s  mixed with baseband 

Table 3-7 is  a summary  of down-link data channels which w e r e  originally 

defined in  the MORL basel ine system, together with the i r  counterpar ts  (where 

applicable) in the MORL/USBS No. 1. System margins a r e  re ferenced  to  the  

m-inimum output S!N ratios specified fo r  each type of data  in Reference 2, 

Examination of Table 3-7 shows that, in  all cases  except r ea l - t ime  t e l eme t ry  

and one voice channel, performance margins  for  the MORL/USBS No. 1 a r e  

appreciably lower than those for  the basel ine system. 

of data t ransmi t ted  on MORL/USBS h a s  been decreased ,  namely, elimination 

of the 1, 000 cps continuous analog channel and degradation of the television 

video bandwidth f r o m  2. 16 m c  to 375 kc. Under the ground ru les  assumed 

fo r  this p a r t  of the study, a MORL/USBS fo r  the 200-nmi orbi t  c a s e  is not 

adequate for  the MORL requirements.  Also, it should be noted that the phase 

coherent  ranging technique will not function for an  MORL in the rotating mode 

because antenna switching will introduce l a rge  phase t rans ien ts  in the PM 

t r a n s  mitt e r s ignal. 

In addition, the quantity 
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The performance of each data channel of the MORL/USBS was determined by 

using the sys tem pa rame te r s  l is ted in Table 3-8. 

fe ren t  signal-to-noise ra t ios  a r e  used f o r  PCM data. 

because the 51.2-kbps PCM data a r e  not pref i l te red ,  whereas  the r ea l - t ime  

2. 4-kbps PCM data a r e  f i l tered before  the s u b c a r r i e r  is modulated. 

As m a y  be  seen, two dif-  

This  i s  n e c e s s a r y  

3. 3. 2. 2 Modified USBS (MORL/USBS No. 2)  

A modified unified S-band sys t em configured to accommodate  the ma jo r  

MORL communication requirements  is depicted in F igu re  3-14. 

of the l ink quality analysis is included in Table 3-7. 

sys t em data complex (except for  DCS verification, which is proposed to  be  

included in the rea l - t ime PCM data)  has  been incorporated.  

transponded range information and two down-link voice channels have been 

provided. The increased  capacity of System No. 2 over that  provided by 

System No. 1 is the resu l t  of the removal  of a cons t ra in t  assumed in the 

f i r s t  pa r t  of the study, namely, that  no significant modification to the Apollo 

USBS equipment be  permitted.  Without this constraint  a g rea t e r  rf bandwidth 

can be utilized, thus providing grea te r  data capacity. 

and response capabilities of the data channels available in System No. 2 have 

been increased,  the television video bandwidth has  been r e s t r i c t ed  to 750 kc, 

a s  compared t o  the 2. 16 mc used in the basel ine system. 

was necessa ry  to allow the des i red  information to  be  handled on two c a r r i e r s .  

A summary  

The en t i re  basel ine 

Additionally, 

Although the number 

This  res t r ic t ion  

The individual data channel margins  for MORL/USBS No. 2 approximate 

those given for MORL/USBS No. 1. The inc reased  r f  bandwidth available i s  

used to provide g rea t e r  data t ransmiss ion  capacity, namely, a 50% inc rease  

in  each of the recorded PCM te lemet ry  channels (51. 2 kbps to  76. 8 kbps),  a 

100% inc rease  in television video bandwidth (375 to 750 kc) ,  and the addition 

of a 1 -kc analog channel. 

The ma jo r  functional components of the t ransmit t ing subsys tem include the 

frequency multiplexing equipment ( subca r r i e r  osc i l la tors ,  f i l t e rs ,  and mixing 

networks),  P M  and FM t r a n s m i t t e r s ,  the up-link rece iver ,  and the antenna 

sys t em (including the coupling network). 



6 
3 

.r( 

k 
0 
k 
k 
a, 
d 
d a 
3 
R 
3 
0 

c, 

c, 

c, 

e 
m 

I 

m 
4 

0 

4 

0 
m 

9 
4 

H 
\ 
b 
M 
0 

d 
C 
d 
U 

4 

+ 
N 

V" 
N 

a, 
d a ,  
c, 

rn 
a, c, z 

9 

0 

a 
0 

I 

9 

0 

I 

I 

k 
a, 
k 
k 
d 
U 
D s 

.r( 

m 
N 

4 

V 
I 

N 

I 

9 

0 

I 

0 
d 

N 
A 

a, 
U 
.r( 

9 
+ U 

M 

d 

Y 
N 

d z 
u) 
a m 

d 

m 
I I 

d 

m 
4 
4 4 

cr; 
4 
pc 
E w 
E 

m c 

9 

0 
0 
m 

0 0  
m o  
r - m  

0: 

H 
M 
N a: z 

2 
M 

H u n 
N 
0: z 

k 
a, 
k 
k 
d 
U 
P s 

.,i 

rn 

fi 
0 
.A 

.A 
10 

5 
A 

a, c, 

a, a 
0 
U 

a, 
U 

0 
.r( 

rn 

U + 
d m 

4 : 
C 
d c 
U 

d 

V 
I 

d 

N 

I 
U V 

I 
d 

4: 
N 

a 
I 

N 4 

53 



54 

n-2 '  

t 

f 

I I  

4 
N 

A 
W 
z 
z 
Q 
I> 
0l- 

a 
w 0  
I-= 

< E  
ALL 

T 

1 
II 
8 
I 
8 
8 
I 
8 
8 
8 
8 
8 
I 
I 
1 
I 
1 
I 
1 



As indicated on the diagram, two rf c a r r i e r s  a r e  employed. 

phase modulated and i s  designated as the coherent  c a r r i e r .  

corn-plex of this  c a r r i e r  contains a baseband component represent ing the 

ranging code, and two s u b c a r r i e r s  car ry ing  voice and t e l eme t ry  data. 

frequency and phase of the coherent down-link c a r r i e r  a r e  locked to, and gen- 

e ra t ed  f rom,  the received up-link c a r r i e r .  

One c a r r i e r  is 

The modulation 

The 

The ranging code is a l so  recovered f r o m  the up-link in  the on-board receiver .  

Assuming the u s e  of the Apollo code, the cha rac t e r i s t i c s  of the code a r e  

defined a s  a continuously varying pseudorandom binary-waveform with a 

nominal bit r a t e  of 1 , 0 0 0 ,  000 bps (Reference 4). 
in the Apollo mission,  a nonrepeating code period of 5. 4 s e c  i s  used to prevent  

range ambiguity. 

si t ion t ime. 

F o r  lunar  ranges encountered 

For  MORL, a shor te r  code would be used to reduce acqui- 

The range code is f i l t e red  p r i o r  to application to the P M  t r ansmi t t e r  to 

r e s t r i c t  the modulation spectrum. Normally,  this f i l t e r  would be a l i nea r -  

phase six-pole low-pass  device with a cutoff frequency of 750 kc (0. 75 x bit 

ra te) .  

The  o ther  signals modulating the coherent c a r r i e r  a r e  developed by subca r r i e r  

VCO's operating at  1. 7 and 1. 95 mc. 

m i x e r  (shown on the d iagram as  P M  Mixing Network) and applied a s  a com- 

posi te  to the PM t ransmi t te r .  

s e r i a l  PCM f r o m  the rea l - t ime PCM mult iplexer/encoder .  

binary,  nonreturn- to-zero (NRZ) waveform with a nominal bit  r a t e  of 

2. 4 kbps. 

cutoff frequency of 1. 8 kc. 

These  signals a r e  combined in a l inear  

The 1. 7 mc  s u b c a r r i e r  i s  modulated by 

This  signal is a 

It is f i l tered by a six-pole l inear-phase low-pass  f i l t e r  with a 

A da ta / subca r r i e r  modulation index of 2. 0 is used. 

The 1. 95 mc  s u b c a r r i e r  has  a composite signal a s  i ts  input. The composite 

is the l inear  combination of a voice channel, r e s t r i c t ed  t o  3 kc, and the out- 

put of a sub-subcar r ie r  operating at 10. 5 kc. The sub- subca r r i e r  i s  modu- 

la ted by a continuous analog signal which m a y  have frequency components to 

1 kc. 

index i s  1. 4. 

The voice baseband modulation index i s  0. 6, while the sub - subca r r i e r  

Since the PM rf c a r r i e r  mus t  be  phase coherent  with the up-link 
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ranging c a r r i e r ,  cer ta in  res t r ic t ions  must  be considered when applying 

modulation. These res t r ic t ions  a r e  a s  follows: 

1.  

2. 

C a r r i e r  phase r e v e r s a l  a s  a resu l t  of modulation mus t  be minimized 
to obviate Doppler t racking e r r o r s .  

Modulation components mus t  be kept out of the passband of the c a r -  
r i e r  (Doppler) t racking loop in the ground t e rmina l  rece iver  for the 
same  reason  a s  given in Restr ic t ion 1. 

Sufficient power must  remain in the rf c a r r i e r  to permi t  proper  
tracking. 

3. 

Restr ic t ions 1 and 3 a r e  sa t i s f ied  by using relat ively na r row deviation of the 

PM c a r r i e r .  Fo r  this  system, as  with o thers  (References 5 and 3), the rms 

c a r r i e r  deviation is se t  a t  approximately 1 radian. 

res t r ic t ions ,  Restriction 2, a r e  not se r ious  in this  sys t em because the b a s e -  

band modulation is  a 1 ,  000,  000-bps code, and no significant very-low- 

frequency components a r e  expected. 

indices utilized a r e  a s  follows: 

Modulation spec t rum 

The var ious rf channel modulation 

1.  Range code--1. 0 

2. PCM subcar r ie r - -0 .  5 

3. Voice/analog s u b c a r r i e r -  -0. 5 

The second rf c a r r i e r  i s  frequency modulated by a composite consisting of 

baseband television video and t h r e e  s u b c a r r i e r s  operating at 2. 2 ,  2. 5, and 

2. 9 m c  respectively. 

a low-pass filter. 

The television signal bandwidth i s  l imited to 750 kc by 

F o r  th i s  signal, an r f  modulation index of 1 .  5 i s  used. 

The two PCM data channels a r e  each capable of accepting a PCM s e r i a l  bit  

s t r e a m  of 76. 8 kbps. 

six-pole l inear-phase f i l t e r  having a cutoff frequency of 59 kc ( 0 .  75 x bit  ra te ) .  

After f i l tering, the s e r i a l  wave t r a ins  a r e  applied a s  inputs to s u b c a r r i e r .  

VCO's. These VCO's each modulate the t r ansmi t t e r  with an rf modulation 

index of 0. 6. Da ta / subca r r i e r  modulation indices for  each c a s e  a r e  1.  5. 

The PCM pulse t r a in  in  each case  i s  f i l tered with a 

The th i rd  subca r r i e r  i s  modulated by a composite consisting of f i l tered (cutoff 

frequency equal to  3 kc) speech intelligence and the output of a sub - subca r r i e r .  

The sub-subcar r ie r  is modulated by a continuous analog signal. 

s u b c a r r i e r  channel i s  s imi l a r  to  the 1.  95-mc s u b c a r r i e r  channel on the PM 

This 2. 4-mc 



c a r r i e r  except that, as a resu l t  of the higher response of the analog input 

(2  kc ve r sus  1 kc),  a sub-subcar r ie r  frequency of 14. 5 kc was selected. 

rf modulation index of 0. 6 i s  used. 

modulation index of 1. 5 was selected, while an index of 2. 0 is used for the 

An 

F o r  the voice baseband, a subca r r i e r  

I sub- subcar r ie r .  

A ground-receiving demodulation subsystem with a configuration that will 

accept  the MORL/USBS No. 2 composites is shown in F igure  3-15. Similar  

equipment has  been designated a s  the data demodulator in the Apollo system. 

Other functions provided by the Apollo ground subsystem, such a s  the antenna 

pointing servo,  code detection and correlat ion,  and Doppler detection, remain  

unmodified. 

ment  that  is switched into operation when the ground station i s  requi red  to  

s e r v e  the MORL mission. 

8 
8 
1 
8 

The demodulator modification i s  actually an addition of equip- 

I 
I 
8 
I 
8 
1 
I 
I 

The IF output frequency for  PM operates a t  a cen ter  frequency of 10 m c  and 

has  a bandwidth of 6. 5 mc. 

f r o m  the c a r r i e r ,  amplified, and presented to two data  subca r r i e r  demodu- 

l a t o r s  for  fur ther  detection. One of these  demodulators (1. 7 m c )  sepa ra t e s  

and detects  the 2. 4-kbps rea l - t ime PCM te lemet ry  channel for  fur ther  

demultiplexing by a PCM processor .  

(1. 95 m c )  produces an output which contains baseband speech intelligence 

and a modulated sub-s-&carrier. The speech is  separated by a low-pass 

f i l t e r  and is made  available for input to the intercommunications equipment. 

The sub-subcar r ie r  detector (10.5 kc)  r ecove r s  the 1-kc analog channel. 

The range code is  detected and used in  another section of the ground station 

r ece ive r ,  and i s  not t rea ted  in this report .  

The composite video information is recovered 

The other subca r r i e r  demodulator 

The F M  channel demodulator is f rom a 50-mc IF output, with a bandwidth of 

10 mc. The demodulation sys t em is essent ia l ly  the s a m e  a s  the PM channel 

except that  another s u b c a r r i e r  detector i s  used,  and a baseband f i l t e r  i s  

used  to separa te  the television signal. 

Other data  handling equipment, which would normally be available a t  the 

Apollo ground te rmina ls ,  may be  used for  MORL. PCM p r o c e s s o r s ,  for  I 
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example, a r e  usually mechanized for  bit r a t e s  of f r o m  10 bps to approximately 

10 bps,  and a r e  capable of processing a wide var ie ty  of formats .  

Consistent with the configuration of t he  MORL spacecraf t  t ransmit t ing sys-  

tem,  the ground-terminal data demodulator is of new design. 

is, however, only a sma l l  portion of the te rmina l  and can be considered an 

accesso ry  to  the p r imary  Apollo station. 

and switching networks should pose no design problem. 

frequencies a r e  not assigned to  MORL; therefore ,  assumptions a s  to  rece iver  

rf frequency changes cannot be made. 

6 

1 
1 
8 

The demodulator 

The IF outputs used a r e  accessible ,  

Specific rf channel 

I 
I 
I 
8 
I 
8 
I 
I 
I 
I 
I 
B 
8 

3. 3. 3 

The following paragraphs discuss  the synchronous orbi t  at the 19, 300 nmi 

range. 

The 19, 300-nmi Range (Synchronous Orbi t )  

3. 3. 3. 1 General 

The sys t em configuration fo r  the 19, 300-nmi case  could be identical to that 

for  t he  1, 100-nmi system, with the exception of the antennas. 

of range f rom 1, 100 nmi  t o  19, 300 nmi  represents  an additional 25 dB in  

t ransmiss ion  path lo s s  (165 dB versus  190 dB). 

bil i ty of utilizing the MORL omni-antenna with the nea r  space instrumentation 

faci l i t ies  (?%IF) to  achieve a workable system. It is, therefore ,  necessa ry  

to employ an appropriate  combination of spacecraf t  directional antenna, 

DSIF ground antennas, and traveling wave m a s e r  receiving preamplif iers .  

The increase  

This eliminates the possi-  

A directional antenna similar to that of the Apollo can provide f rom 1 6  to  

32 dB gain over the MORL omnidirectional antenna, while the  85-ft DSIF 

parabolic antenna (noise temperature  equal to 55 K) can provide approxi- 

mate ly  13 dB over the NSIF. 

0 

Table 3-9 presents  performance margins f o r  the MORL/USBS No. 2 synchro- 

nous orbit  case,  showing margins  f o r  DSIF and N S I F  (spacecraf t  antenna gain 

equal to 32 dB overall ,  compared  to the MORL omniantenna). 
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Table 3-9 

DOWN-LINK SUMMARY MORL/USB NO. 2 

(19, 300 nmi  range)  

Channel 
Bit Rate/  NSIF DSIF 
Response Margin (dB) Margin (dB) 

PCM data ( recorder  No. 1) 76. 8 kbps 

PCM data ( recorder  No. 2) 76. 8 kbps 

PCM data ( rea l  t ime)  

Continuous analog 1 kc 

Continuous analog 2 kc 

Television 750 kc 

Voice (No. 1) 3 kc 

Voice (No. 2 )  3 kc 

Ranging 1, 000 kbps 

2. 4 kbps 

14. 0 

14. 0 

30. 3 

10. 3 

8. 5 

10. 2 

13. 7 

10.0 

14. 1::: 

20. 9 
20. 9 
37. 2 

17. 2 

15. 4 

17. 1 

27. 3 

16. 9 

21. 0::: 

.L ,I* 

A pp r ox im a t e 

When using a directional spacecraf t  antenna, the MORL/USBS No. 2 can 

t r ansmi t  the modified basel ine data  composite with g rea t e r  sys t em margins  

than in the 1, 100-nmi case.  

facil i t ies a r e  utilized. 

The situation is fur ther  improved i f  DSIF 

3. 3, 3, 2 Synchronous Orbit  T ime-shared  Data Link 

When MORL i s  operated in  a synchronous orbit ,  i t  becomes apparent that  

cer ta in  data channels may be  t ime  shared,  p r imar i ly  because ful l - t ime 

ranging/tracking is not required.  

cantly reduce the amount of data t ransmiss ion  equipment. 

Exploitation of t ime  shar ing can signifi- 

A sys t em configuration h a s  been prepared  to  i l lus t ra te  an example of such a 

t ime-shared  system. 

Table 3-10. 

ranging mode and ( 2 )  the data mode. 

A summary  of data-l ink per formance  i s  shown in 

The sys tem link margins  a r e  shown for two modes: (1) the 



Table 3-10 

RANGING AND DATA MODE 

(19, 300 nmi range)  

DOWN- LINK SUMMARY - - TIME-SHARED 

I 
8 

Bit Rate/ Ranging Mode Data Mode 
C h ann e 1 Response Margin (dB) Margin (dB) 

~~ 

PCM data ( recorded)  

PCM data ( r e a l  t ime)  

Continuous analog 

Continuous analog 

Voice (No. 1) 

Voice (No. 2) 

Television 

Ranging 

76. 8 kbps 

2. 4 kbps 

1 kc 

2 kc  

3 kc 

3 kc 

750 kc 

1,000kbps 

~~ ~~~~~~ 

Note 1 

22. 2 

6. 7 

3. 7 
15. 4 

10. 8 

Note 1 
14. 4 

(approximate) 

11. 9 
17. 9 

1. 7 

0. 9 
11.1 

2. 9 
7. 9 

Note 2 

Notes: 1. not provided in ranging mode. 

2. not provided in  data mode. 

When the sys t em is switched into data mode, the ranging capability i s  

replaced with a television channel, and a PCM te l eme t ry  channel for  76. 8 

k b p s  recorded data is added. 

The marg ins  shown could be improved by using DSIF. 

would be added to each channel margin. 

an adjustment of the modulation indices. 

In this case ,  12. 9 dB 

The margins  could be equalized by 

The implemented capacity of the MORL data communication link is se t  by 

the peak data exchange rate .  In the c a s e  of nonsynchronous orb i t s ,  much 

information,  including range/ t racking data,  mus t  be t ransmi t ted  to  the ground 

while the spacecraf t  i s  within l ine-of-sight of the receiving station. 

requirement  not only places an upper l imit  on the t ime available for  playback 

of any recorded  data, but a l so  sets  a specific t ime  of day for  such t r a n s -  

missions.  

data  t ransmiss ion  system. 

This 

These t ime-oriented t ransmiss ions  cause  a high peak load in the 
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Because a synchronously orbit ing spacecraf t  is always in  sight of a receiving 

station, it follows that a data t ransmiss ion  sys t em fo r  this specific orbi t  

could be arranged so a s  to provide grea te r  utilization of t r ansmiss ion  equip- 

ment. 

techniques. 

t racking function would not be required on a fu l l - t ime bas is ,  and only one 

channel i s  necessa ry  for  the playback of recorded  PCM telemetry.  

The configuration of such a sys t em could b e  based on t ime-shar ing  

Basic considerations would include the facts  that  the ranging/ 

A spacecraf t  t ime-shared  t ransmit t ing subsys tem for  a synchronous orbi t  

miss ion  i s  shown on F igure  3-16. 

( 1 )  ranging and (2 )  data. 

No. 2, except that  only one rf c a r r i e r  is used and a t r ansmi t t e r  capable (by 

selection) of either PM o r  FM mode i s  required.  

dual exci ter  capability, has  been mentioned (Reference 3) for  use  with the 

lunar  excursion module (LEM) of the Apollo program.  

The subsys tem has  two modes of operation: 

The subsystem is quite s imi l a r  to the MORL/USBS 

Such a t r ansmi t t e r ,  with 

When s e t  fo r  tracking mode, the c a r r i e r  of the t r ansmi t t e r  i s  controlled by 

the recovered up-link ranging signal. 

the t ransmi t te r  i s  connected to a modulation composite consisting of two 

subca r r i e r s .  These  s u b c a r r i e r s  operate  at 2. 2 and 2. 5 m c ,  and a r e  modu- 

la ted with baseband voice information and s u b c a r r i e r  in a manner  s imi l a r  to 

the MORL/USBS No. 2. The recovered  range code i s  a lso applied to  a sep-  

a r a t e  phase-modulation input. By these  means ,  the tracking mode provides 

for  t ransmiss ion  of the following data: 

One of the phase-modulation inputs of 

1. 
2. Turnaround range code. 

3. Two voice channels. 

4. 
5. 

Phase-coherent  c a r r i e r  fo r  two-way Doppler tracking. 

A PCM te lemet ry  channel with 2. 4 kbps capability. 

Two continuous analog t e l eme t ry  channels of 1 and 2 kc response,  
respectively. 

The quantity of data that  can be t ransmi t ted  in the ranging mode i s  r e s t r i c t ed  

because of the necess i ty  to  maintain phase coherence with the up-link ranging 

signal. 

the frequency control  of the  c a r r i e r  i s  removed f r o m  the up-link rece iver  

and t r ans fe r r ed  t o  a locally generated signal. 

When t racking/ranging is not required,  such a s  for  the data mode, 

The baseband modulation 

8 
I 
8 
I 
1 
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spec t rum,  occupied by the ranging signal in the ranging mode, is available 

f o r  the television composite i n  the data mode. 

ation m a y  now be used, an  additional subca r r i e r ,  operating at 2. 9 m c  f o r  the 

recorded P C M  te lemet ry  signal, i s  introduced into the modulation composite. 

The voice and te lemetry modulation data used f o r  the ranging mode is main-  

tained. 

Table 3-11 .  

Because a g r e a t e r  rf devi- 

The modulation schedule f o r  this s y s t e m  configuration is given in  

A data demodulator for  the t ime-shared  data link is shown in F igu re  3 - 1 7 .  

A s  in  the c a s e  of MORL/USBS No. 2, the demodulator is proposed a s  an 

add-on, taking inputs f rom the  ground r ece ive r ' s  IF amplif iers .  

a r e  shown because the IF response ( - 3  dB a t  6 .5  m c )  of the p r i m a r y  r ece ive r  

is not completely known and may  be somewhat marginal .  

case ,  one input and one rf rece iver  would be adequate. 

baseband, subca r r i e r s ,  and sub- subca r r i e r s  a r e  a s  descr ibed previously.  

Two inputs 

If such is not  the 

The demodulation of 

The technique of spec t rum t ime  shar ing offers  a convenient method to 

inc rease  total  communication efficiency. 

one r f  c a r r i e r ;  however, it is  s t i l l  able to  sat isfy the essent ia l  data t r a n s -  

miss ion  function. The actual data channels which a r e  to be shared  depend 

on the exact nature of the mission and a detailed miss ion  operations analysis .  

The sys t em example used employs 

3. 3. 4 

The calculations and assumptions used in this study of the MORL unified 

c a r r i e r  sys tem a r e  as follows: 

Equations and Assumptions Used in Calculations 

1. Required I F  signal-to-noise ra t io  ( S / N  ) i f  
A. F o r  baseband 
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P.M.- I. F. 
F C =  10 MC 
BW = 6.5 MC 

e 

F.M.-I.F. 
F C  = 50 MC 
BW = 10 MC 

f 

L.P. F ILTER CHANNEL A' 
F C 0 = 7 5 0  KC - T V  

VIDEO AMP 
RESPONSE 
= 2.6 MC 

DETECTOR/ 
VIDEO AMP 
RESPONSE * 
= 3.0 MC 

SC DETECTOR L.P. F ILTER CHANNEL B, 
FC = 2.2 MC F C O =  3 KC VOICE 

S-SC DETECTOR CHANNEL B, 
FC = 14.5 KC R/T  PCM, 2.4 KB/S 

SC DETECTOR L.P. F ILTER CHANNEL C, 
FC = 2.5 MC F C O =  3 KC VOICE 

I 4 

CHANNEL C, 
CONTINUOUS 
ANALOG, 1 KC 

S-SC DETECTOR 
F C =  10.5 KC 

1 

r" ! MODESELECTOR 

J 

S-SC DETECTOR CONTINUOUS 
F C = 2 2 K C  t ANALOG, 2 KC 

I 7 CHANNEL D 
RECORDED PCM, 
76.8 KB/S 

Figure 3-17. MORL/USB Data Demodulator (Time Sharing Configuration) 



B. F o r  FM/ FM channel modulation 

0 
S! N 

S/Nif = 

C. For  FM/ FM/ FM channel modulation 

where  

S / N  = signal-to-noise ra t io  for  data 

M i  = sub-subcarr ier  modulation index 

M1 = subca r r i e r  modulation index 

M2 

0 

= rf c a r r i e r  modulation index 

2. Required channel power (PT.) 
1 

P = B (  S/Nif i) x 5. 9 x 
Ti Ni 

where  

B = noise bandwidth for  Channel i 

S/Nif = required IF signal-to-noise ra t io  

Ni 

i 
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3. Available channel power (Psc.) 
1 

L J 

where 

= unmodulated rf carrier power. P~~~ 

= zero-order  Besse l  function corresponding to the 
rf modulation index (M2) of the Kth  channel. 

= f i r s t -o rde r  Besse l  function corresponding to the 
modulation index (M2) of the i t h  channel. 

Jo (M2K) 

4. Assumptions (1 ,  100-nmi slant range) 

A. 

B. Antenna gain, t ransmit t ing (M0RL)- -  -4 dB. 

C. Antenna coupling losses ,  t ransmit t ing (M0RL)- -3  dB. 

D. Polarization and pointing losses,  combined- -4 dB. 

E. Near-space receiving antenna gain--44 dB. 

F. 

G. 

H. 

R F  c a r r i e r  frequency--2. 25 gc. 

Near-space receiving sys t em noise  temperature--260 0 K. 

Deep-space receiving sys t em noise tempera ture- -55  0 K. 

Deep-space receiving antenna gain--50 dB. 



3 . 4  DATA COMPACTION 

This section presents  the r e su l t s  of a prel iminary investigation of the 

applicability of data compaction to the MORL communications / te lemet ry  

system. A discussion of present  compaction techniques and a survey of 

some  experimental  r e su l t s  a r e  given, along with examples of how such 

methods might be utilized for the MORL program. 

3. 4. 1 Summary  and Conclusions 

The r e su l t s  of data compaction experiments reported in published papers  

(References 7, 8, and 9) indicate that compaction techniques a r e  potentially 

applicable to  the PCM portion of the  MORL communications and te lemet ry  

system. 

be uti l ized to  increase  channel performance margins ,  i nc rease  the average 

data handling capacity of the system, or  to  reduce the r f  c a r r i e r  power 

requi red  while maintaining the existing system performance margins .  

counterbalance the potential advantages of compaction, i t s  disadvantages 

include added system hardware complexity, data distortion, and (assuming 

that  the uncompacted signal-to-noise r a t io  i s  maintained for the compacted 

case )  the data e r r o r  ra te  increases .  

PCM channel bandwidth reductions result ing f rom compaction could 

T o  

The extent to which data compaction can be used to  inc rease  message  effi- 

ciency depends on the average redundant content of information to  be t r ans -  

mitted,  a s  well a s  on the amount of signal distortion that can be tolerated.  

These f ac to r s  depend both upon the or iginal  signal f o r m  and the ult imate use  

of the data. 

application assumes  an  average compaction rat io  of 1O:l. 

r ep resen t s  a mean of experimental  resu l t s ,  i t  may not be typical of MORL 

data. 

of data compaction, a study into the s ta t is t ical  nature of the source signals 

must  be conducted. A portion of such a study should determine the average 

sampling r a t e  necessa ry  t o  adequately descr ibe the activity of an input func- 

tion, and should re la te  this t o  peak sampling r a t e  requirements .  

determinat ions will resu l t  in the definition of data redundancy required to  

set  the operational c r i t e r i a  of the system. 

The i l lustration given in Section 3.  4. 4 f o r  the MORL P C M  

While this  f igure 

Before the MORL PCM te lemet ry  sys tem can be committed to the use  

These 
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The t ransmit ted data, a f te r  compaction, i s  dis tor ted both in  time and ampli-  

tude. 

multiplex t ime base to eliminate t iming e r r o r s  in  the processed  data;  how- 

ever ,  as a resul t  of the t ime delay through the output s torage  buffer i n  the  

t ransmit t ing system, exact rea l - t ime to t ime  correlat ion is  not available. 

Ground recovery  equipment can be organized t o  r e s t o r e  the  or iginal  

Amplitude distortion i s  present  in the compacted output data because the 

prediction process  i s  organized to accept o r  re jec t  a sample for  t r ansmiss ion  

on the bas i s  of the  degree of agreement  between the data and some predicted 

value. The latitude of agreement  allowed r ep resen t s  the t ransmi t ted  e r r o r .  

In designing compaction sys tem to le rances ,  each channel must  be examined 

f r o m  a u s e r ' s  standpoint to determine the degree of e r r o r  permit ted.  

predictor  may be mechanized, of course ,  to provide a separa te  to le rance  

The 

band for  each channel, thereby permitt ing optimum tolerance assignment  

each c l a s s  of input signal. 

for  

Another consideration when utilizing compacted data,  i s  the inc rease  in  

re la t ive importance of each t ransmit ted symbol. Since one data sample 

represents  many other samples which a r e  not t ransmit ted,  those that a r e  

t ransmit ted must be recovered with a higher e r r o r - f r e e  probability t o  main- 

ta in  a fixed confidence in the message .  

performance margin for  a compacted channel must  be g rea t e r  than for  uncom- 

pacted channels. 

In pract ice ,  this  means that the  

3.  4. 2 - Data Compaction Techniques 

When it i s  necessary  to t ransmi t  a la rge  quantity of data under the r e s t r i c -  

t ion of l imited c a r r i e r  power, the efficiency of message  t r ansmiss ion  becomes 

an important factor in the choice of a communications system. 

t ransmiss ion  efficiency differs f rom e lec t r ica l  efficiency in  that it i s  evaluated 

by comparing the amount of information which i s  essent ia l  to r ep resen t  the  

message  intelligence to that information which i s  actually sent. It is  obvious 

that i f  a communications channel i s  burdened with unnecessary  data,  c a r r i e r  

power i s  wasted and, hence, lower overal l  efficiency resu l t s .  

Message 

Severa l  methods have been employed t o  r e s t r i c t  the t ransmit ted data  to  

essent ia l  message  components. Among those employed a r e  p re t r ansmiss ion  

70 



1 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 

data reduction, signal conditioning, and minimization of data redundancy. 

information which i s  considered essent ia l  t o  the message  var ies  according 

The 

to  

the  f inal  disposition of the data, thus setting the c r i t e r i a  fo r  message  improve-  

ment techniques. Pre t ransmiss ion  data reduction, a s  in  combining two o r  

m o r e  channel sources  by computation and t ransmit t ing only the resul tant ,  

and signal conditioning (changing the f o r m  of the data;  fo r  example,  envelope 

detection) a r e  somewhat res t r ic t ive  in that they a r e  generally used on a small 

percentage of the total  message  complex. 

other  hand, provides  a means of increasing efficiency which is applicable to  

nea r ly  all f o r m s  of data.  

information content of the signal t o  be t ransmit ted.  

Data redundancy reduction, on the 

It provides a match  of the channel capacity t o  the 

Much effort has  been directed toward obtaining proper  channel matches.  

This  effort i s  evident, for  example, i n  PCM sys tems employing var iable  

word lengths to r ep resen t  data requiring differing resolutions and accurac ies .  

Data sampling r a t e s  a r e  chosen to be compatible with maximum expected 

channel frequency content. While such techniques a s  these  a r e  essent ia l  to 

good design, they consider only wors t -case  conditions. These sys t ems  a r e  

organized to acquire ,  t ransmi t ,  recover ,  and process  data according t o  some 

p r e s e t  sequence of events. 

sou rces  a t  some constant t ime interval  within a fixed input format .  

the sampling r a t e  for  the individual channel i s  set  by the maximum expected 

The input multiplexer samples  the var ious signal 

Although 

r a t e  of change, in  actuai pract ice ,  the data  saii-ipliiig r a t e  i s  us.;a!!jr E ~ E  Y 

t i m e s  m o r e  than the average ra te .  

much of the t ime,  result ing in low message  efficiency. 

Thus,  a signal source i s  oversampled 

Optimization of a communication channel capacity must ,  therefore ,  consider 

average cha rac t e r i s t i c s  of the information content, a s  well a s  the peak 

requirement .  

the data redundancy by adaptive management of multiplexed signals.  

techniques provide a dynamic match of the channel capacity to the average 

infor mation content, while accommodating peak ra te  - of - change per iods.  

Compaction techniques have been devised to  reduce much of 

These 

Some examples  of data compaction techniques a r e  discussed in the following 

paragraphs .  
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3.4. 2. 1 Redundancy Reduction by Predict ion 

Successive measurement  samples  of a s ignal  source  which a r e  essent ia l ly  the  

s a m e  value contribute t o  the total  message  only to  the  extent of indicating 

that  the function has  not changed value. 

organized such that  no sample is  t ransmi t ted  until a significant change in  

the data occurs,  

the receiving te rmina l  between per iods of channel activity. 

samples a r e  discarded in  this  manner ,  other  data which i s  act ive may occupy 

the t ransmiss ion  t ime position, t he re fo re  increas ing  uti l ization of the t r a n s -  

miss ion  channel. 

If the communication sys t em i s  

signal quiescence o r  no-change conditions a r e  infer red  a t  

When redundant 

Redundancy of successive data samples  may be detected by numerous predic-  

t ion techniques. 

by Medlin (Reference 7) .  

predictors .  The f i r s t  of these pred ic tors  i s  mechanized on the assumption 

that the present data sample is  equal to the value of the previous sample t o  

within some specified and fixed tolerance.  A simplified block d i ag ram of 

th i s  predictor ,  a r ranged  for a single channel, i s  shown in F igure  3-18. 

Among these techniques a r e  two which have been evaluated 

These a r e  designated a s  ze ro -o rde r  polynomial 

To analyze the operation of this  predictor ,  consider an input signal, S, such 

a s  that shown in Figure 3-19, applied to the device at  sample t ime t 

previous sample of the source,  St2, has  been loaded into the s torage unit and 

i s  made available to the comparator  coincident with S t3’ 
St3 i s  outside the comparator  to le rance  band in which S 

prediction is  incorrect ,  and St3 i s  gated out a s  significant data. 

unit i s  a l so  updated with S 

c e s s  occurs  when S i s  compared to S producing the same  outcome. At 

St5, however, the data i s  a s  predicted and the comparator  inhibits the output 

gate f r o m  delivering S 

fo r  the succeeding samples  through S 

th i s  period. 

i s  delivered. 

A 3’  

In this  ca se ,  s ince 

i s  located, the t2 
The s torage 

The same  evaluation pro-  St2 being discarded.  t3’ 

t 4  t3’ 

data to the output l ine.  Data prediction i s  co r rec t  

result ing in  no data output during 

At St12, the prediction i s  incor rec t ,  and a significant sample 

t5 

t l l ’  

In th i s  example, note that while the source sampling r a t e  is  regular ,  the out- 

put data  i s  delivered only when the original prediction is  incor rec t ,  causing 
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Figure 3-18. Fixed-Tolerance Zero-Order Predictor 
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Figure 3-19. Source Signal Characteristics 
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an i r r egu la r  output ra te .  

the data through a buffer-storage unit and clocking out the data at a r a t e  

slower than the original source sample ra te .  The required s torage capacity 

f o r  significant data samples  and the clock-out r a t e  depend on the redundancy 

s ta t i s t ics  of the source data.  

ability ex is t s  that an  overflow will occur in the buffer during per iods of sus-  

tained data activity. 

increased  o r  a g rea t e r  tolerance may be assigned t o  the comparator .  

operations can be made adaptive in  the sense  that automatic adjustment a r e  

performed whenever the buffer i s  occupied t o  near  capacity. 

A constant output r a t e  may be achieved by routing 

Assuming some finite buffer capacity, the prob- 

To prevent overflow, e i ther  the clock-out r a t e  may be 

These 

Because any channel's output ra te  is  asynchronous with respect  to  the sam-  

pling ra te ,  the output-data t ime base i s  dis tor ted.  Where t ime cor re la t ion  

is  required,  it i s  necessary  to t ransmi t  additional t ime- tag  information. 

This can be accomplished, for example, by including an identification number 

along with, or a s  par t  of, each output (significant) data sample. To l imi t  the 

length of the identification code, a recycle counter period equivalent t o  the  

longest propagation t ime through the buffer can be employed. 

t a g  requi res  additionpl t ransmiss ion  t ime,  the net compaction is. reduced. 

Since the t ime 

The second predictor functions in a manner  s imi la r  to  the f i r s t ,  except that  

the comparator evaluates successive samples  by using a floating tolerance 

band positioned symmetr ical ly  about the predicted sample value. 

predictor ,  shown diagrammed i n  Figure 3-20, i s  comprised of a comparator ,  

a tolerance and re ference  memory ,  an  addres s  genera tor ,  and a buffer. 

(Timing and control functions have been omitted. ) 

This 

To i l lus t ra te  a prac t ica l  case ,  the discussion of th i s  predictor will consider 

a multichannel application. 

dicted ( las t  significant) value for  each channel of the input data format  along 

with a tolerance f o r  each channel i s  used. Consider an input signal, such a s  

shown on Figure 3-21, applied t o  the predictor .  Sample No. 2 of Channel Si, 

Sitz, is applied to  the comparator ,  together with the predicted value of S. ,  

Si l l ,  and the assigned tolerance f rom memory .  As in the case  of the fixed 

tolerance predictor ,  an evaluation i s  made of the present  sample according 

to  the prediction. 

In th i s  case ,  a memory  which s to re s  the p re -  

1 

F o r  Si12, the prediction i s  incor rec t  and the sample i s  
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entered into the buffer for  subsequent t ransmiss ion .  

Cant, the succeeding prediction(s) a r e  based on i t s  value, Sill being discarded 

as a reference  value. 

entered into memory. When the prediction is co r rec t ,  a s  at Samples No. 4 

and No. 5, the l a s t  c o r r e c t  (significant) value is  res tored  to  memory  and 

retained a s  the re ference  value. 

Because SiI2 i s  signifi- 

This  i s  accomplished a s  the  new prediction value i s  

By using a separate  tolerance f o r  each channel, a g rea t e r  compaction lati tude 

i s  provided because it i s  not likely that all channels requi re  the same  to le r -  

ance.  

buffer overflow, the adjustment can be mechanized t o  apply on a selective 

channel- by-channel pr ior i ty  bas i s  to provide for  the leas t  c r i t i ca l  data lo s s .  

If an  adaptive technique of tolerance adjustment i s  used to  prevent  

The addres s  generator output i s  a lso routed to the buffer memory  (F igure  

3 - 2 0 ) .  

identify that channel. 

a unique address .  

and tolerance recal l ,  and for  identification of the t ransmi t ted  channel. 

vidual channel identification i s  necessa ry  because the compacted f r ame- to -  

f r a m e  channel format  va r i e s ,  that  i s ,  in successive t ransmit ted f r a m e s ,  

appearance of the i t h  channel depends on the  s ta t is t ical  redundancy of S i 
data,  a s  well as  all other channels in the f r ame .  Therefore ,  one t ransmi t ted  

f r a m e  may have seve ra l  samples  of S o r  none at all.  AS i n  the case  of t ime-  

cor re la ted  data, channel identification r equ i r e s  t r ansmiss ion  t ime over  and 

above that associated with the data,  thus reducing compaction efficiency. 

Each  t ime a sample i s  accepted for  t ransmiss ion ,  it i s  necessa ry  to  

Every  channel within the multiplexed f r a m e  i s  assigned 

This addres s  i s  used for  multiplex operation, re ference  

Indi- 

i 

3 .  4. 2 .  2 Redundancy Reduction by Interpolation 

The predic tors  discussed in the previous paragraphs  u s e  some previous data 

sample to  establish the prediction of future sample values.  When the predic-  

t ion is  incorrect ,  the actual value (within quantization tolerance)  i s  t r a n s -  

mitted. Various approaches to redundancy reduction by interpolation have 

been investigated; two of these  approaches,  the ze ro -o rde r  and f i r s t - o r d e r  

polynomial interpolators,  a r e  descr ibed in  Reference 8. 

The zero-order  interpolator  i s  s imi la r  to  the  ze ro -o rde r  polynomial pred ic tor ,  

i n  that  a horizontal l ine i s  used to r ep resen t  a redundant d a t a  set .  The ma jo r  

7 6  



difference i s  that  the re ference  sample i s  determined 

dant set ,  r a the r  than at the beginning. The computed 

taken  a s  the mean between the most positive and most  

redundant set .  

a t  the end of the redun- 

re ference  value i s  

negative values in the 

The f i r s t - o r d e r  interpolator approximates the data by straight-l ine segments.  

Although seve ra l  approaches t o  the f i r s t - o r d e r  interpolator  a r e  used,  they 

all involve fitting a best  s t ra ight  line t o  a s  many data points as possible within 

a given e r r o r  tolerance.  

3 .  4. 3 Survey of Experimental  Results 

The effectiveness of data compaction can vary  over  wide limits as a resu l t  of 

sys t em configuration, redundant content of the signal source,  and the degree 

of dis tor t ion permit ted in the output da ta .  

a projected compaction efficiency to the MORL application at th i s  t ime ,  an  

insight on which t o  base future  MORL data  compaction studies can be gained 

by reviewing the experimental  work of others .  

While it is  not possible t o  ass ign  

One comparative analysis of data compaction techniques has  been reported 

by Medlin (Reference 7). 

w e r e  subjected to  five different polynomial prediction compaction techniques.  

The data used were  obtained f r o m  PCM te lemet ry  r eco rds  of a satel l i te  

iaunch vehicle,  and included the t ime fro111 Eft off through second-  stage burn- 

out. 

with each signal input encoded t o  11 bits.  

of data  points sampled to  samples  selected for t ransmiss ion)  were  reported 

t o  be f r o m  3 t o  2,  706, depending on the  specific input channel and the predic-  

t ion technique used. Average compaction ra t ios  f o r  th i s  data, with tolerance 

e r r o r  bands of approximately 1 to 3% of ful l  scale ,  varied f r o m  6 to  30, with 

a mean of approximately 10. 

band predictor  consistently yielded the highest compaction ra t ios .  

interest ing point because th i s  type of predictor  can be readi ly  mechanized. 

In this  work, approximately 150, 000 data samples  

The data consisted of a 60-channel f r a m e ,  sampled at 5 f r a m e s / s e c ,  

Compaction ra t ios  (total number 

It was noted that a ze ro -o rde r  floating to le rance  

This  is  an 

Resul t s  of cer ta in  Po la r i s  miss i le  t e l eme t ry  da ta  compaction analyses  have 

been reported by Weber (Reference 8). F o r  the  same  e r r o r  tolerance bands 
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as in Reference 8 (1 to 3% of ful l  sca le ) ,  compaction ra t ios  of 15 to  100 

(average) have been achieved. 

F M / F M  format ,  

In th i s  case ,  the t e l eme t ry  data  was in  an 

Some examples of biomedical signal compaction a r e  re la ted by Specht and 

Drapkin (Reference 9). 
techniques,  e lec t rocard iogram and electroencephalogram signals were  com- 

pacted in  ra t ios  of 6 to  30, again depending on the type of prediction and the 

assigned e r r o r  bandwidth. A r a t h e r  interest ing extension of prediction fo r  

these  s ignals  yielded some very  high efficiencies.  An E K G  signal was sub- 

jected to  a cycle-to-cycle analysis and a compaction ra t io  of 1, 790 for  a 

subject at r e s t  was obtained. 

was  ambulatory. 

Using sample-to- sample redundancy reduction 

Lower ra t ios  were  obtained when the subject 

3. 4. 4 MORL Data Compaction Applications 

Experimental  resu l t s  of te lemet ry  sys tems employing data compaction indi- 

cate  that  such techniques can be beneficial in  improving sys t em efficiency. 

Accordingly, the u s e  of compaction for  the MORL te l eme t ry  and data com- 

munications system has  been investigated f r o m  a feasibil i ty standpoint. 

following discussion covers  each major  type of data t ransmiss ion  channel 

specified by the MORL basline requirement .  

The 

3 .  4. 4. 1 PCM Channels 

The MORL baseline sys tem requi res  th ree  PCM te lemet ry  channels (neglecting 

the  DCS verification). one channel fo r  r ea l - t ime  data t r a n s m i s -  

sion (2. 4 kbps bit r a t e ) ,  and two channels for  t r ansmiss ion  of recorded  data  

(76. 8 kbps bit ra te ) .  

is that of t ransmit t ing the recorded data during the l imited t ime that  the 

MORL i s  within l ine-of-sight of a ground receiving te rmina l .  

data compaction appea r s  desirable  to minimize the  peak t ransmiss ion  load. 

One of the potential side effects  would be the elimination of one of the 76. 8 
kbps channels, thus allowing grea te r  bandwidth allocation t o  the television 

channel (Section 3. 3).  Realization of th i s  would r equ i r e  a net compaction 

ra t io  of 2:1, which appea r s  quite possible i f  the  r e su l t s  (References 7, 8, 

and 9) given may be assumed t o  be typical fo r  MORL data. 

These a r e :  

One potential sys t em problem that  has  been identified 

The use  of 
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Obviously, compaction can be used in other ways, such a s  increased channel 

per formance  margins ,  reduced rf c a r r i e r  power, o r  higher bit r a t e s  ( fas ter  

recording dump t ime)  for  the remaining 76. 8 kbps channel. 

The two 76. 8 kbps playback channels originate f r o m  different data complexes. 

One source  continuously monitors  the low-rate  (2. 4 kbps) PCM data taken 

during occulation per iods,  while the other  source intermit tent ly  r eco rds  

experimental  data. According to  the  

basel ine requi rements  (Reference 2) ,  483 signal input channels a r e  multi- 

plexed onto th i s  channel, 

following : 

Consider first the 2.  4 kbps channel. 

These inputs a r e  commutated to provide the 

1. 

2. 

3. 

4. 

240 channels sampled 1 t ime/min.  

90 channels sampled 10 t imes/min.  

121 channels sampled 1 t ime/sec .  

32 channels sampled 5 t imes / sec .  

Arranging these channels (with synchronization words) into a typical PCM 

f o r m a t  would resu l t  in  a main  f r ame  (MF) of 60 words and three  subframes 

(SF's). Of the 60 words on the MF, 3 words a r e  required for  M F  recycle  

synchronization, 24 words f o r  SF 1, 3 words for  S F 2 ,  and 1 word for  S F  3. 

With  respec t  t o  the MF ra te ,  S F  1 has  a commutation ra t io  of 5:1, S F  2 r a t io  

is  30:1, and S F  3 ra t io  is 240:l. 

segEented  recycle  synchronization word. 

The main f r a m e  i s  sampled 5 t imes / sec .  

a s  follows: 

Three words of S F  1 a r e  r e se rved  fo r  a 

All words a r e  eight bi ts  in  length. 

The net data  channels available a r e  

1. 240 channels sampled 1 t ime/min.  (SF 3). 

2. 90 channels sampled 10 t imes /min .  (SF 2) .  

3. 117 channels sampled 1 t ime / sec  (SF 1). 

4. 28 channels sampled at 5 t i m e s / s e c .  

F o r  the MORL compaction example, a ze ro -o rde r  floating tolerance predictor  

i s  used. 

t r ansmiss ion  system. 

channel, as a f i r s t  approximation, mus t  be assigned a separa te  tolerance.  

This  r equ i r e s  a tolerance and re ference  memory  of 475 words.  

F igure  3-22 i l lus t ra tes  this predictor  in  a typical a i rborne  PCM 

Because of the var ie ty  of data sou rces  involved, each  
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Figure 3-22. Airborne Data Compaction PCM System 

F r o m  the standpoint of economy in the to le rance  and re ference  memory  (and 

associated address  coding/decoding), it i s  des i rab le  to evaluate the relat ive 

m e r i t s  of compacting the ent i re  input source data. Normalizing the  M F  and 

t h r e e  SF ' s  for  spec t ra l  occupancy, it i s  found that the M F  data r e q u i r e s  

approximately 46. 6% of the total, while SF 1 u s e s  40% and SF's 2 and 3 r equ i r e  

5. 0 and 1. 7 % ,  respectively.  

elimination of S F ' s  2 and 3 would not yield worthwhile resu l t s .  

it i s  concluded that  data on SF's  2 and 3 should be excluded f r o m  the compac- 

t ion process .  

what may be considered a minimum report ing in te rva l  to  maintain confidence 

in  the operation of any channel. F o r  example, the  value on a channel on S F  3 

is  normally reported eve ry  48 sec.  If the  compaction p rocess  were  t o  e l imi-  

na te  five successive samples  of the channel, 4 min. would elapse before data 

update. This  i l lus t ra tes  the fact  that  r ega rd le s s  of the redundancy rat io ,  

e v e r y  channel should be sampled a sufficient number of t imes  during the 

mission/experiment  run  t o  provide an acceptable level  of confidence. 

F r o m  an  efficiency standpoint, even complete 

Therefore ,  

Another reason  for  excluding these  data f r o m  compaction i s  
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Having determined that only the data multiplexed on the MF and S F  1 should 

logically be compacted, the reformatting of the compacted channels may be 

accomplished. E a r l i e r  i n  th i s  report ,  the requirements  for  channel identifi- 

cation and timing information were  established. The MF d a t a  ( l e s s  synchron- 

ization and SF  words) consis ts  of 28 words,  while S F  1 has  117 words.  Since 

each word in  these f r a m e s  must  be uniquely identified, a 5-bit channel identi- 

f ication (ID) t a g  must  be included as  p a r t  of each MF d a t a  word, and a 7-bit 

channel ID tag  must  be included for each S F  word. 

To provide t ime correlat ion,  the 8-bit countdown ID word, which uniquely 

identifies each channel in S F ' s  2 and 3, i s  used. This MF ID word is  inser ted 

into the buffer s torage at  regular  commutation in te rva ls  and, thus, any com- 

pacted data appearing between two ID words can be identified by f r a m e  number 

a s s o c iat i on. 

Assuming a data compaction ra t io  of 1 O : l  f o r  signals multiplexed on the MF 

and S F  1 for  a typical format ,  the major f r a m e  can be organized. The com- 

pacted format  maintains the MF sampling r a t e  of 5 f r a m e s / s e c ,  and u s e s  the 

original subcommutation rat ios;  5: l  fo r  S F  1, 30:l fo r  S F  2, and 240:l for  

SF 3. 

means  that each composite word i s  a multiple of the basic word. ) 

( F o r  th i s  example the basic word is considered 8 bits in length, which 

The main  f r a m e  consis ts  of 21, 8-bit words, which a r e  utilized as follows: 

1. 

2. 

3. One word for  SF  1 channel ID. 
4. 

5. 

6. 
7. One word for  SF  3 data words. 

Three words for  MF synchronization. 

One word for  MF countdown ID. 

Six words for MF data words ( three  16-bit words).  

Six words for  S F  1 data words ( three 16-bit words). 

Three words for SF 2 data words.  

The net  compaction, including synchronization and ID words,  is  2. 85, which 

yields an output bit r a t e  of 840 bps (compared to  2 , 4 0 0  bps for  the uncom- 

pacted case) .  

integral  multiple of the basic  word length is  not required,  that  i s ,  MF word 

actually could be 13 bi ts) ,  the compaction ra t io  could be ra i sed  t o  3. 3:l .  

If a var iable  word length were  to  be used (in c a s e s  where an 
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The medium rate (19.2 kbps) PCM 

be compacted in a s imi l a r  manner ,  

channel defined in  the baseline sys tem may  

except that  a higher net compacted ra t io  

should be possible considering a data compaction of 10. 

subf rames  a r e  used and the f r a m e  consis ts  of a small number of input 

sources ;  28 for Mode A and 25 fo r  Mode B. 

reduces the length of the ID tags and el iminates  the need f o r  subframe ID. 

Also, all data i s  subjected to compaction. 

This  is because no 

This  reduction in channels 

The compacted fo rma t  would consist  of t h ree  8-bit synchronization words,  a 

t ime correlation f r a m e  ID word, and th ree  data  words.  In this  ca se ,  the data  

words would consist of 8 bi ts  and a channel ID of 5 bi ts  (28 channels),  yield- 

ing a net compaction rat io  of approximately 7: 1. 

One advantage that compaction could provide i s  that  of combining the low-rate  

and medium-rate  PCM channels. 

reproduce facil i t ies by one-half. 

channel would be handled as a complete subcommutation routine on the 

medium-ra te  PCM f rame .  

is 40 f r a m e s / s e c  and the low-rate channel is 5 f r a m e s / s e c ,  an 8: 1 subcom- 

mutation ra t io  would be required.  

would resul t .  Because the two data multiplexes can be made  independent of 

each other ,  ei ther input could be stopped o r  s ta r ted  without affecting the other.  

This would reduce the requi red  r eco rd /  

In this case ,  the en t i re  low-rate  PCM 

Since the bas ic  f r a m e  ra t e  of the medium channel 

An average compaction ra t io  of 5. 8: 1 

The baseline recording sys tem specifies a bit-packing density of approximately 

640 b i t s / in .  

recorded  at the no rma l  15/32 ips ,  using a bit packing density of approximately 

680 bi ts / in .  

could be reproduced in 0 . 5  hours .  

The combined compacted PCM channel (320 words / sec )  could be 

Using a 32: 1 speed-up rat io ,  a complete 17-hour recording 

3.4.4.  2 Analog Channels 

The MORL baseline sys tem specifies the use  of t h ree  analog data channels. 

These a r e  the television channel and two continuous channels of 1 and 2 kc  

response ,  respectively. 

in the i r  present  f o r m  because it would requi re  s torage  and comparison of 

analog amplitudes. 

Compaction is not recommended f o r  these channels 

If these signal sources  were  to be digitally encoded, 



compaction techniques could be readily applied. However, the net reduction 

in bandwidths obtained might be somewhat marginal .  F o r  example,  a s sume  

that the present  baseline television sys t em were converted to a digital s y s -  

t e m  quantized to 6 4  grey  levels.  

sys t em would be increased  approximately six t imes  over the analog sys tem 

and would, therefore ,  requi re  a net compaction of s i x  to achieve the same  

spec t r a l  occupancy. 

e r ence  8) indicate that ra t ios  of 2:l  to  5:l a r e  rea l i s t ic ,  it does not appear  

justif ied to digitize television signals when compaction i s  the only 

consider  ation. 

The two high-response continuous channels would a l so  requi re  a g r e a t e r  

bandwidth if  multiplexed and digitized. 

at a rate equal to o r  g rea t e r  than twice the highest  frequency component. 

When each of these samples  is encoded to 6 bits  plus sign and par i ty ,  the 

resul t ing digital pulse t r a in  requi res  a net  compaction rat io  of 8:l  ( for  NRZ 

t ransmiss ion)  to be bandwidth-comparable to analog t ransmiss ion .  

encoding signal conditioning (such  a s  envelope detection and spec t rum analy- 

sis) could be m o r e  advantageously employed if analog compaction is des i red .  

The uncompacted bandwidth of the digital 

1 
1 
I 
I 
I 
I 
I 

Since experimental  r e su l t s  reported by Weber (Ref - 

The source signal mus t  be sampled 

P r e -  

I 
3 . 4 . 4 .  3 Mechanization Cost 

F igu re  3 - 2 2  presented the functional aspec ts  of a typical PCM data  compac- 

tion sys t em (the heavy outlined blocks) in concert  with the per iphera l  data  

acquisition and t ransmiss ion  functions. It will be noted that the aspec ts  

specific to data compaction a r e  basically da ta  processing functions and, 

therefore ,  could be per formed by the MORL cent ra l  data  p rocesso r .  

e v e r ,  as indicated in Section 3 . 4 .  1, before the impact of data  compaction on 

p rocesso r  requi rements  can be assessed ,  the s ta t i s t ica l  cha rac t e r i s t i c s  of 

the source  signals mus t  be defined. 

tradeoff s between algorithm complexity and buffer memory  requi rements  

(based on considerations such as compaction t ime cr i t ical i ty ,  adaptation of 

compaction to sensed memory  load, and so for th) ,  computer sizing requi re -  

men t s ,  beyond those indicated in  Section 3 . 4 .  1, can be established. 

How- 
1 

I 
i 

e 
With this  definition and decisions on the 
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Section 4 

TECHNOLOGY AND SUBSYSTEM DEVELOPMENT REQUIREMENTS 

This  section identifies the subsystem developments and supporting techno- 

logical advances that a r e  considered des i rab le  in the pre-Phase  111 t ime 

period to  ensure  a low-risk development program f o r  the MORL baseline 

communicat ion/ te lemetry system. Previous sections of this  repor t  indicate 

the desirabi l i ty  of making significant changes to the baseline sys tem to make 

it responsive to  the new requirements  identified in the Phase  IIb study. The 

subsys temstudies  and supporting technological advances required to  support  

the development of a n  advanced communication/telemetry sys tem a r e  pre-  

sented in  Section 5. 

Because the baseline communication/telemetry sys tem was de signed with the 

specific objective of using subsystems and techniques which ei ther  existed 

or  w e r e  under development, only four development i t ems  were  identified. 

They a r e  discussed in the following sections in the o rde r  of their  re la t ive 

priority.  

4.1 HIGH-POWER SOLID-STATE R F  SWITCH 

The automatic antenna selection circui t ry  of the antenna sys tem ut i l izes  a 

sol id-s ta te  r f  switch which must  be able to  handle continuous r f  power levels  

of near ly  50 W, with an inser t ion lo s s  of l e s s  than 1 dB, over the frequency 

range of 250 to  2, 300 mc. 

developed. 

accomplished during the pas t  2 years  by Microwave Associates ,  Inc. for the 

Navy Department, Bureau of Ships, under Contract NObsr-89463, P r o j e c t  

Ser ia l  No. SR0080302, Task 9604. 

A switch with these cha rac t e r i s t i c s  must  be 

Work that is applicable to  the solution of this  problem h a s  been 
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4.2 TELEVISION TRANSMITTER 

To satisfy the TV video bandwidth of 2. 16 m c  a t  a modulation index of 1. 5, 
the TV t ransmi t te r  m u s t  have a 2-mc response and a peak deviation of 

*3* 24 mc. 

developed and a breadboard model  tested,  

An S-band t r ansmi t t e r  with these cha rac t e r i s t i c s  m u s t  be 

4.3 EXTERNALLY MOUNTED TV CAMERAS 

The external  TV c a m e r a s  and their  associated pan and tilt mechanisms mus t  

withstand the ambient space environment. 

sys tem operation in th i s  environment might be accomplished on an  AAP 

flight tes t ,  

F ina l  verification of proper  

4.4 TELEMETRY MODULATOR 

Six data  sources  are  combined into the complex baseband signal which 

modulates  the te lemetry t ransmi t te r .  

while providing adequate S / N  ra t io  for  proper  data  recovery,  the theoret ical  

modulation pa rame te r s  m u s t  be optimized and verified by breadboard tes t ing 

of the system. 

To ensu re  a minimum bandwidth 



Section 5 

RECOMMENDED STUDJES 

The rationale behind the recommended future stuides can bes t  be understood 

when the work which has  been accomplished to date is reviewed and the 

studies a r e  placed within the framework of the overall  communication/ 

te lemet ry  sys tem study plan. 

tion to  detail  subsystem design a r e  identified in Figure 5-1. 

The major  s teps  leading f rom miss ion  defini- 

During the first half of the Phase  IIa study, the subsystem requirements  

were  derived based on a mission definition which visualized MORL as a first 

generation space station which would be launched into a 28. 7", 200 nmi  orbi t  

to  conduct a relatively modest  one-year experimental  program. 

concept based pr imar i ly  on Gemini and Apollo technology w a s  defined, 

concept feasibil i ty and tradeoff studies were  conducted, and a recommended 

subsystem configuration was specified. It is this subsystem which has  been 

r e f e r r e d  to extensively in  this  report  as  the baseline communication/ 

te lemet ry  system. 

erihance a tixxely development of the baseline sys tem were  derived. 

a r e  essent ia l ly  the same i tems  reaffirmed in Section 4 of this  report .  

A subsystem 

The technology and subsystem developments which would 

They 

In the Phase  IIb study, the MORL was defined as a second generation space 

station which would be launched during the ear ly  1970's  into a 50", 164 nrni 

orbi t  to conduct a vas t  experimental  p rogram extending over more than 

5 years .  During the ear ly  p a r t  of the study phase, when this miss ion  was 

being formulated, the opportunity w a s  taken to  go p a r t  of the way through 

the optimization loop (F igure  5-1) with two studies based on the baseline 

system: the r f  unification and the data compaction analyses  outlined else-  

where in  this  report .  In these optimization studies, a sys t em concept was 

presented and concept feasibility and tradeoff investigations were conducted. 

It was not the intent of these studies to revise  the subsystem configuration 
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and specification. 

consider  the new requi rements  of the revised miss ion  development plan. 

That s tep mus t  follow f r o m  future studies that will 

CONFIGURATION 
AND 

SPECIFICATION 
SUBSYSTEM 

R ESP0 N SI V EN ESS 
ANALYSIS 

One of the p r imary  effor ts  of the P h a s e  IIb study der ived new subsystem 

requi rements  f rom the expanded miss ion  development plan and analyzed the 

responsiveness  of the basel ine sys t em to these  new requirements .  

r e su l t s  of th i s  analysis, documented in  the Task  A r e a  LII repor t s ,  par t icu-  

l a r l y  point to  the need of a data management capability which, in  t e r m s  of 

data  capacity, sampling r a t e s ,  and flexibility, is a considerable expansion 

over  the capability of the basel ine system. 

3 , l  proposed a sys tem concept to  m e e t  these requi rements  and conducted 

init ial  concept feasibil i ty and tradeoff studies to evaluate, in  general ,  the 

feasibil i ty of the sys tem concept. 

The 

The analysis  reported in  Section 

- 
- 

At th is  point it is evident that significant groundwork leading to the requi red  

upgrading of the sys t em has  been accomplished. The eventual objective of 
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# .... 
performing a detail  design of a communication/telemetry sys tem for MORL 

rema ins  to be completed. 

made:  

The following recommendations a r e  therefore  

1 
I 
1 
8 
I 
I 
I 
8 

1. Future  studies should review and summar ize  the subsystem require-  
ments  der ived f r o m  the mission development plan. 

Desirable  new subsystem concepts should be defined. 

Concept feasibil i ty and tradeoff studies should be expanded. 

The r e su l t s  of these studies should be reflected in  a new subsystem 
configuration and specification. 

Technological and subsystem development studies required by the 
new subsystem configuration should be determined and pursued. 

2. 

3 .  

4. 

5. 

Specific t a sks  in  support  of this general  s ta tement  a r e  detailed in the 

following sections. 

5. 1 SUBSYSTEM REQUIREMENTS DEFINITION 

Re-examine the miss ion  development plan formulated in the P h a s e  IIb study 

and summar ize  those requirements  which have a n  impact  on the design of 

the communicat ion/ te lemetry system. 

to  be determined in sufficient detail to allow a reasonable  es t imate  of the 

total  number  of data  sou rces  and the maximum bi t  r a t e  which m u s t  be 

accommodated. 

Data acquisit ion requi rements  need 

Inasmuch as the high data r a t e  generated by the television sys tem has  a 

ma jo r  impact  on the design of a communication link (par t icular ly  for  a USBS 

link) it is important that  picture  resolution and f r a m e  ra t e  requi rements  be 

accura te ly  determined. It is, therefore,  des i rab le  to  conduct a study to 

confirm TV sys tem parameters .  

in  a simulation of the video system. 

provis ions for  varying effective scanning resolution, aspec t  ration, and 

f r a m e  rate.  

the operation of the EC/LS  space cabin s imulator  a t  LRC. 

I 
I 
8 
8 
B 

This would involve observer  participation 

The simulated sys t em should include 

Ideally, this evaluation could be performed in conjunction with 

5 . 2  SUBSYSTEM CONCEPT DEFINITION 

Revise the subsystem concept definition, as appropriate,  t o  meet  the requi re -  

ments  of Task  5. 1. The sys t em concept should include: (1) incorporat ion 
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.. 8 
of a n  advance data  management  capability similar t o  that defined i n  

Section 3 .  1, (2)  provision of a n  independent tape  r e c o r d e r  f o r  computer  

auxiliary memory,  ( 3 )  provision of voice and video recording, (4) automation 

of the re t r ieva l  and display of s tored hard-copy data, (5) unification of the 

communication l inks into a minimum number  of rf l inks,  (6)  provis ion of 

facs imi le  capability in  place of the typewri ter ,  (7)  considerat ion of u s e  of an 

autonomous navigation system, and (8) considerat ion of use  of Apollo-type 

hardware  for  the rendezvous sensor .  

1 
I 
B 

5 . 3  CONCEPT FEASIBILITY AND TRADEOFF STUDIES 

The following paragraphs  d i scuss  the concept feasibility and tradeoff studie so 

5, 3 .  1 Digital a s  Opposed to  Analog Transmiss ion  Tradeoff Analysis 8 
Re solution of the tradeoff between the all-digital, 

information distribution and the m o r e  conventional analog signal routing 

single-bus sys t em of 

techniques requi res  the completion of the study tasks  outlined below, 

1, The availability of low cost ,  re l iable ,  microe lec t ronic  c i rcu i t  
a r r a y s  m u s t  be fur ther  investigated. 
airailability tiiat cer ta in  aspec ts  of the proposed DMS organization 
a r e  based,  

It i s  on the indication of this 

Analytic effort mus t  be toward the following: 

I 
I 

A. T o  clctcrmine the specific e lectronic  configuration of the 
circui ts  for sensor  output conditioning. 

T o  dcterminc the types and quantities of analog to digital (A-D) 
and digital t o  analog (D-A) conve r t e r s  required.  

T o  de te rmine  the detailed logical s t ruc ture  of the data source  
and destination te rmini  (DST' s) .  

T o  de te rmine  the commonality of t c rmin i  microfunctions for 
optimum packaging of c i rcu i t  chips to ensure  niasiniuiii 
interchangeability. 

I 
I 
1 
8 
1 

B. 

C, 

Do 

2. The technology and anticipated advances in analog sxvitching tech- 
niques mus t  be thoroughly a s s e s s e d  to develop paraii ictric data on 
which a compar ison  of niultiple conve r t e r s  vcrsus  multiple analog 
switching a r r a y s  can be based, 

System philosophy mus t  be sufficiently developed to allox\. a s s e s s -  
men t  of the specific data compress ion  and e r r o r  cvaluation techniques 
which might  be applied to MORL data, 
b e  included at  the sensor  output Ivhich \vi11 continuously monitor a 

3. 

For craiiiple, hard\\ .are can  



signal level, comparing it against  a s tored threshold value, and 
output data only when the threshold i s  exceeded. 
might a l so  be implemented in a central ,  special  purpose p rocesso r  
o r  in  a computer program. The sys tem maintefiance philasophy 
m u s t  also be clear ly  defined to es tabl ish t e s t  levels  to  be imple-  
mented in  hardware: 

A. Within the sensor  subsystem. 

B. At the cent ra l  p rocessor  (that is, diagnostic programming).  

C. In special  t e s t  equipment. 

This function 

4. The data bus (DDB) mus t  be analyzed for  the following: 

A. 

B. 

Identify and solve possible t ransmiss ion  line problems. 

Evaluate the advantages and disadvantages of a single constant 
n-line digital bus against the one-line-per-analog signal 
harne  s s. 

C. Determine the impact,  if  any, of the DDB on operational c rew 

With regard  to this final point, prel iminary investigation would tend 
to favor the digital bus since no ha rness  modifications a r e  required 
when ins t ruments  a r e  interchanged in the racks.  Also, sensor  
output l ine lengths a r e  kept to a minimum due to  the physical 
proximity of the digital bus te rminus  to the instrumented laboratory 
location. However, intuitive evaluation i s  not acceptable;  these  
points mus t  be rigorously analyzed to evolve an optimized 
configuration. 

p r  oc edu r e s e 

5. 3 .  2 Central  Information Control and Storage 
- 

P e r h a p s  the most  obvious question which a r i s e s  in coiiiiection with the iiifor- 

mat ion control function i s  whether it should be mechanized in a separa te  

special  purpose p rocesso r  or  included a s  p a r t  of a cen t r a l  computer program. 

Resolution of this problem must  await development of a detailed mathema- 

t ical  model  of the MORL sys tems operational/experimental interface.  

However, some fruitful investigations can begin p r io r  to  complete model 

specification. 

the ro le  of this subfunction in information control. The exact method of 

implementing data  confidence assurance r equ i r e s  fur ther  study. P r e s e n t  

l i t e r a tu re  suggests many devices which might be employed including, fo r  

example,  redundant signal routing and computer programmed reasonabili ty 

checks. Clearly,  the data format  selected to  ensure  maximum confidence 

may  be incompatible with data compaction considerations or  the distribution 

The t ransmiss ion  line confidence testing technique i l lus t ra tes  
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bus design, 

the information control p rocesso r  p rogram would be overburdened beyond 

reasonable  design l imits  with the addition of data  reasonabili ty testing 

requirements .  

Redundant wiring was tes  power, and analysis  may  indicate that 

Inherent  in the information control p rog ram a r e  functions of data acquisit ion 

sequencing, T / M  formatting, and data compaction processing. In the d is -  

cussion of the CSU, a multiple p rogram s to re  with opera tor  controlled 

branching was  suggested. This i s  intended to facil i tate operator  selection of 

a p rogram which mee t s  the unique requi rements  of the specific configuration 

of sensor  equipment necessary  for  the succeeding operational/experimental 

schedule. 

groups. 

fo r  multiple program storage against  that of memory  f i l l  equipment, 

over, the desirabil i ty of rapid program switching has  not been r igorously 

established; hence, the variabil i ty of the operational/  experimental  schedule 

mus t  be investigated. The s t ruc ture  of the control program will requi re  

extensive analysis. F o r  example, i f  data compaction i s  to be used, the 

method by which i t  is accomplished (for example,  in hardware,  computer  

program,  and s o  forth) mus t  be considered. 

The p rograms  a r e  obviously unique to  the var ious measu remen t  

Here,  study i s  required to compare the cos t  in additional memory  

More-  

5. 3. 3 Study of Alternative Approaches to the Emergency 
MORL-to-Ground Voice Communications Link 

This study would investigate the advantages of var ious al ternat ive MORL-to- 

ground emergency voice communications link including VHF (as specified in  

the baseline system) and UHF (S-band). In the l a t t e r  case,  p re l iminary  link 

ana lys i s  has  shown the need for  direct ional  (high gain) antenna a r r a y s  ei ther  

on board the MORL or  a t  the receiving site, 

5. 3. 4 Investigation into the Pract icabi l i ty  of Replacement of 
On-Board Tape Recorde r s  by Thin Film Memory 

With the advances being made in thin film technology, a study i s  proposed to 

investigate the application of a thin film memory  sys t em to the MORL bulk 

s t  o r  age requirement.  
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The study would include sizing 

approximately 300 mill ion bi ts  

well a s  performing cost ,  s ize ,  

of a thin film memory  capable of storing the 

generated during an occultation period, a s  

and power t radeoffs  Setween the thin film and 

conventional s torage approaches.  

5. 3 .  5 Autonomous Navigation for  MORL 

The problem of supporting navigation requi rements  for  cer ta in  Ear th-  

or iented experiments  indicate s the desirabi l i ty  of investigating the applica- 

tion of autonomous navigation t o  the MORL. 

comparat ive evaluation of var ious techniques in t e r m s  of such fac tors  as 

hardware ,  operational and computer processing requirements ,  and the 

resu l tan t  sys tem accuracy. 

A study would involve the 

5. 3. 6 R F  Unification Analysis 
~ ~ 

Continue the rf unification analysis reported in Section 3. 3 to include the 

requi rements  of the revised system concept determined in Task 5. 2 above. 

Take into account the capabili t ies of the Apollo USBS identified near  the end 

of Section 3. 3. 1 of th i s  report .  

5.4 SYSTEM CONFIGURATION AND SPECIFICATION 

-Make revis ions to t h e  communication/telemetry sys t em design to incorporate  

those sys tem concepts determined in  Task 5 .2  which have been shown to be 

des i rab le  and feasible a s  a r e su l t  of the concept feasibil i ty and tradeoff 

studies of Section 5. 3. Work should be conducted in sufficient depth to 

produce sys tem block d iagrams,  system descr ipt ions,  performance analyses ,  

and hardware  physical charac te r i s t ics  and power requirements .  

communication/ te lemet ry  sys t em specifications to ref lect  these  changes. 

Revise the 
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ARD 

ARS 

bPS 
csu 
DCS 

DDB 

DMS 

DS T 

GPC 
HR 

ICs  

IDR 

IPS 
IR 

kbp s 

LR 

ODR 

O F  

USBS 

NO ME NC LA TURE 

Data de stination a d d r e s s  r eg i s t e r .  

Data sou rce  addres s  r eg i s t e r .  

Bits p e r  second. 

Control and s torage unit. 

Digital command system. 

Data distribution bus. 

Data manage ment s y s t e m. 

Data source-point te rmina l .  

General  purpose control  and display console. 

Holding reg is te r .  

Information control sys tem.  

Input data  reg is te r .  

Information pr  oc e s s ing system. 

Ins t r uc t ion re g i s t e r . 
Kilobits pe r  second. 

Line r ece ive r .  

Output data  r eg i s t e r .  

Overflow . 
Unified S-band system. 
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Appendix 

GROUND NETWORK COVERAGE DATA 

The data used in the network tradeoff study were  obtained by use of the 

sa te l l i t e  simulation program SRMS (Surveil lance,  Reconnaissance,  and 

Mission Simulation). 

The significant input pa rame te r s  f o r  the simulation a r e  a s  follows: 

1. 
2 .  

3.  

4. 

5. 

6. 

7. 

Satell i te altitude. 

Satell i te inclination. 

Direction of satel l i te  movement a t  initiation (north o r  south). 

Sampling r a t e  of checking for  contact. 

Site names and locations (latitude - longitude). 

Horizon elevation angle (minimum elevation contact angle). 

Sampling t ime interval  for l ist ing output. 

The outputs generated by the computer f rom this simulation a r e  as  follows: 

1. Clock t imes  a t  which a site has l ine-of-sight (LOS) contact with 
a satell i te.  

2. During contact period. 

A. Subsatell i te points 

B. Altitude 

C. LOS angle 

D. Slant range 

3 .  Total duration of contact. 

4. Dig i ta l  tape with complete t r ack  of subsatell i te points. 

The s i t e s  selected for  the analysis a r e  given i n  Table 3-2 .  

ated a r e  summarized in Tables A-1 through A-13. 

the following miss ion  pa rame te r s ,  which a r e  inputs of the simulation program: 

The data gener -  

Each table is headed by 

1. Altitude (h). 

2 .  Inclination (i). 

99 



100 

3 .  Minimum elevation angle (emin). 

4. Maximum viewing angle (CY 1. 
5. 

max 
Date that the simulation was per formed (included s o  that ready  
future re ference  can be made to the applicable computer l is t ings 
i f  required).  

The use of the tables can be seen  by r e f e r r i n g  to Orbit  31 of Day 2 on 

Table A-5. It w i l l  be noted that Guaymas (Site 8 ) ,  Texas (Site 9 ) ,  and 

Kennedy (Site 1) all have contact during this orbit .  

redundant" column shows that Site 8 makes contact f i r s t .  While i t  i s  s t i l l  

in  contact with Site 8 ,  Site 9 i s  a l so  making contact. 

t ac t ,  and a t  some l a t e r  time Site 1 comes into contact. 

a r e  redundant and Sites 9 and 1 a r e  redundant; however,  Sites 8 and 1 a r e  

not redundant. 

with Site 8 through the lo s s  of contact with Site 1. 

(Site 9) and Ken (Site 1) coverages in  Orbit  3 2  show that these s i tes  have 

continuous contact a s  Orbit  31 ends and Orbi t  3 2  s t a r t s .  

The "sites that  a r e  

Site 8 then loses  con- 

Thus,  Si tes  8 and 9 

The total  usable coverage t ime i s  that  t ime f r o m  the contact 

The a s t e r i s k  on the Tex 

The table a l so  shows that Orbit  3 2  continues through the end of Day 2 into 

Day 3 .  

tain an  a s t e r i sk  indicates that  the coverages a r e  not continuous with the 

preceding f igures .  In  other words ,  Site 9 provides coverage a t  the beginning 

of Orbit  3 2  (during Day 2 )  and again near  the end of the orbi t  (during Day 3 ) .  

The fact that  neither of the s i te  coverage f igures  (Sites 8 and 9) con- 

To ensure  the validity of the data generated,  the influence of th ree  important  

simulation factors  was investigated; that i s ,  sample s i ze ,  model cal ibrat ion,  

and e r r o r s  induced by integration s tep  s ize .  

A .  1 SAMPLE SIZE 

To determine whether the resu l t s  of a 5-day simulation sample would be 

typical of a longer run,  a 31-day miss ion  was simulated and the coverage 

t imes  for  two 78-orbit (5 days)  periods w e r e  compared.  

coverage t ime for  each case  compares  to within 20 s e c  out of 6 , 0 0 0  sec .  

Thus,  i t  i s  concluded that the average coverage i s  re la t ively constant fo r  any 

5-day period. 

occur rence  vary. 

The resul tant  total  

However, it should be recognized that the details  of contact 
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A. 2 CALIBRATION OF THE SIMULATION MODEL 

The bas is  of model calibration is the comparison of the maximum measured  

single-contact coverage t ime with the theoret ical  maximum fo r  a d i r ec t  over -  

head pass .  F o r  a 200 nmi  circular  orbi t ,  the maximum horizon-to-horizon 

time, Thy is given a s  10.4 min. (Flight Pe r fo rmance  Handbook for  Orbital  

Operations.  

MSFC-Huntsville, Alabama, 1963, John Wiley and Sons,  Inc . ,  New York 

and London. ) 

T50, by re fer r ing  to  F igure  A-1 and considering that  

Edited by R .  W. Wolverton, NASA Contract  No. NASA-8-863- 

This t ime can be adjusted to the 5O to 5 O  elevation situation, 

= 1893 nmi 1 B B = ROO2 

A A 1  = ROO1 = 2402 nmi 

and 

BB' 
= T 7 = 8. 19 min. T5° h AA 

This theoret ical  maximum t ime i s  comparable  to  the maximum measured  

t ime of 8. 17 min. in Table A-6.  

A. 3 ERROR RESULTING FROM INTEGRATION S T E P  SIZE 

As  a r e su l t  of the nature  of the simulation p rogram,  the e r r o r  in  determining 

when contact is made and los t  is plus and minus the fine integration s t ep  

s ize .  F o r  this study, a 5-see  s tep s i z e  was used. 
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Figure A-1. Satellite Coverage Geometry 

C 

LEGEND: 

S = SITE 
C = C E N T E R O F  EARTH 
emin= !?( GIVEN) 

amax = 70.3O (GIVEN) 

AA'  = CONTACT PATH FOR 
emin. = 0" 

emin.= 5" 
BB' = CONTACT PATH FOR 

RE = 3,440 NMI 

R, = 3,640 NMI 



Table A -  1 

TWO-SITE NETWORK: TEX AND KEN (page 1 of 2) 

Ground Site Coverage Times  (Min. ) 

h = 200 mi, i = 50°, e =5O, and Q = 70.3O 

Date of run: 1 June 1965--SRM simulation 

min. max. 

S i te  9 Site 1 Total  Total  
Dav Orbi t  T ex Ken Redundant Nonredundant Usable 

1 1 
2 

10 

11 

12 

15 

16 

Total  

2 16  
17 

18 

25 

26 

27 

30 

31 

32 

Total 

3 32 

33 

41 

2. 58 

4.92* 
- 

7. 75 

3. 92 

1.75 

20.92 

4. 25 

3. 42f6 

3.00 
- 

7.00 

6.58 
- 

5.42 

1.25* 

30.92 

1. 67 
5. 25:: 

3. 58 

3.84 
- 

7.35 

6.25 
- 

5.33 

1. 92;: 

24.69 

0.92 

5.08;: 
- 

4.92 

7.58 
- 

5.58 

3. 17 

4.50* 

31. 75 

- 
- 

7.67 

- 
- 
- 

3.83 
- 

1.33  

5.16 

0.92 
3 . 4 2:;: 

- 
- 

4.33 
- 
- 

3. 17 
1. 25:: 

13.09 

- 
- 

3.00 

6.42 

4.90 

7.35 

6.25 

3.92 

4.42 

1 .92  

35.18 

3.33 

1 .66  
3.00 

4.92 

5 .92  

6.58 

5.58 

2.25 

3.25 

36.49 

1 .67  

5. 25 

5.25 

6. 42 

4.90 

7.35 

10.08 

3. 92 

5.75 

1. 92 

40.34 

4. 25 

5.08 

3.00 

4. 92 

10.25 

6. 58 

5.58 

5.42 

4.50 

49.58 

1. 67 

5. 25 

8. 25 

*Continuous with f igure above 
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Table A-1 (page 2 of 2) 

S i te  9 Site 1 Total  Total  
Day Orbi t  Tex  Ken Redundant Nonr edundant Usable 

3 4 2  

43 

45 

46 

47 

48  

7. 67 

0. 92 
- 

4. 17 

3.58 
2. 42::: 

5.25 
- 

1.33 

4.75 
2, 83::: 

1 .83 

Total  

4 48  

56  

5 7  

58  

61  
62 

63 

Total  

5 63 

64  

72 

73 

76 

77 

78 

79 

Total  

Grand Total  

29.26 

1.75* 
- 

7. 50 

5. 67 
- 

5.00 
2. 33::: 

22. 25 

0.42 
5. 33::: 

5.67 

7.33 

5.58 

2. 83 
4. 75::: 

31.91 

133.59 

23.66 

2.33 

6.42 

7. 17 
- 

6.00 
2. 25::: 

4. 83::: 

29.50 

- 
7.83 

3.75 

3.92 

4.08 
3,  67:: 

- 

23.25 

132.85 

::Continuous with f igure above 

3.17 
- 
- 

2.83 
- 

1.83  

10.83 

1 .75  
- 

4.33 
- 
- 

2. 25 

2.33 

10.66 

- 
- 

4.00 

2.08 
- 

3.75 
- 
- 

9.83 

49.57 

6.58 

0.92 

1 .33  

3.25 

6.41 

0 .59  

9.75 

0.92 

1 .33  

6.08 

6 .41  

2.42 

31. 25 

0.58 

6.42 

6.00 

5 .67  

6.00 

2.75 

2.50 

29.92 

0.42 

5.33 

5.50 

6.92 

3.92 

2. 17 

6.50 
3. 08::: 

33.84 

166.68 

42.08 

2 .33  

6.42 

10.33 

5.67 

6 . 0 0  

5.00 

4.83 

40.58 

0.42 

5.33 

9.50 

9.00 

3 . 9 2  

5.92 

6.50 
3 . 08::: 

43.67 

216. 25 
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Table A-2 

THREE-SITE NETWORK: GYM, TEX, AND KEN (page 1 of 3) 

Ground Site Coverage Times  (Min.) 

= 5 0 ° ,  and a = 70.3O min. max. h = 200 nmi,  i = 50°,  e 

Date  of run: 1 June 1965--SRM simulation 

Site 8 Site 9 Si te  1 Redundant Total  
Dav Orbi t  G y m  T ex Ken Si tes  Usable 

1 1 

2 

3 

10 

11 

12 

15 

16 

Total 

2 16  

17 

17 

18 

25 

26 

27 

28 

30 

31 

32 

Total  

4. 83 

2. 58 

5.08 
- 

6.00 

7. 17 
- 
- 

25.66 

5.92 

0 .  25:: 

2. 50 

4. 92::: 
- 
- 

7. 75 

3.92 
- 

2. 67 

- 
27.93 

2.58 
4.92::: 

- 
- 

7.75 

3.92 

1.75 
- 

20.92 

4.25 

3.42::: 

- 
3.00 

- 
7.00 

6.58 
- 
- 

5.42 

1. 25::: 

30.92 

3.83 
- 
- 

7.33 

6. 25 

5.33 
1. 92::: 

24.66 

0. 92 

5.08 

- 
- 

4. 92 

7. 58 
- 
- 

5.58 

3. 17 

4. 50::: 

31. 75 

8 and 9 
8 and 9 

- 

8 and 9 
and 1 

8 and 9 
9 and 1 

- 

8 and 9 
and 1 

8 and 9 
and 1 

- 
8 and 9 

9 and 1 

8 and 9 
- 
- 

8 and 9 
9 and 1 

9 and 1 

8.67 

4.92 

5.08 

7.33 

11.33 

8. 17 

5.75 

1. 92 

53.17 

5.92 

5.08 

2. 50 

4. 92 

4. 92 

10. 25 

9.50 

3.92 

5.58 

6. 17 

4.50 

63. 26 

‘:Continuous with f igure above 
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Table A-2 (page 2 of 3) 

Total  
Day Orbit  G y m  Tex  Ken Sites U s  able 

Site 8 Site 9 S i te  1 Redundant 

3 32 4.25 1. 67 - 8 and 9 4.25 

33 3. 42::: 5.25::: - 8 and 9 5. 25 

34 2. 25 - - - 2. 25 

41  - 3.58 7. 67 9 and 1 8 .34  

42 7.08 7.75 5. 25 8 and 9 11.59 

43 6.58 0.92 - 8 and 9 6 .58 

45 - - 1.33 - 1.33  

46 - 4. 17 4.75 9 and 1 6 .08  

47 - - 2 . 9 2::: - 2.92 

47 5.50 3.58 - 8 and 9 5.50 

48 1.42::: 2.42::: 1. 83 8 and 9 2.42 

and 1 

and 1 

Total  30.50 29.34 23. 75 56.51 

4 48 1. 75::: 2. 33::: 9 and 1 2.33 

48 1 . 5 0  - - - 1.50 
49 5. 17::: - - - 5. 17 

56 - - 6. 42 - 6.42 

57 3.75 7.50 7. 17 8 and 9 10.42 

58 7.67 5.67 - 8 and 9 9.09 
1. 17 - - - 1. 17 59 

61 - - 6.00 - 6.00 

62 - - 0. 50:: 0.50 

62 4.58 5.00 2. 25 8 and 9 6. 25 

63  - 2.33::: 4. 83::: 9 and 1 4.83 

Total  23.84 22.25 29.50 53.68 

and 1 

and 1 

JI 

' r  Continuous w i t h  f igure above 



Table A-2 (page 3 of 3) 

Site 8 Site 9 Site 1 Redundant Total  
Day Orbit  Gym T ex Ken Si tes  Usable 

5 63 

64 

72 

73 

74 

76 

77 

78 

78 

79 

Total  

5-day total 

3.50 
4. 25::: 

- 
7.50 

5.67 
- 
- 
- 

5.00 

2.25* 

28.17 

136.10 

rl, 

'Continuous with f igure above 

0.42 

5.33* 

5.67 

7.33 

- 
- 

5.58 
- 

2.83 

4.75* 

- 
- 

7. 83 

3.75 

- 
3.92 

4.08 

3.67 
- 
- 

8 and 9 
8 and 9 
9 and 1 

8 and 9 
and 1 

- 
- 

9 and 1 
- 

8 and 9 
8 and 9 

31.91 

133.59 

23. 25 

132.91 

3.50 

5.33 

9.50 

11.25 

5 .67  

3.92 

5 .92  

3.67 

5.00 

4.75 

58.51 

285.13 
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Table A-3 

THREE-SITE NETWORK: HAW, TEX, AND KEN (page 1 of 3) 

Ground Site Coverage Times  (Min. ) 

h = 200 nmi, i = 50°, e 

Date of run: 

= 5", and amax. = 70.3" min.  

1 June 1965--SRM simulation 

Site 7 Site 9 Site 1 Redundant Total  
Tex  Ken Sites Usable Day Orbit Haw 

1 1 

2 

3 

4 

5 

10 

11 

12 

13 

14 

15 

16 

Total  

2 16 

17 

18 

19 

20 

25 

26 

27 

28 

- 
3.38 

2.33* 

7.00 
- 
- 
- 

6. 67 

6.25 
- 
- 

2.58  

4.92" 
- 
- 
- 

7.75 

3.92 
- 
- 

1.75 
- 

3.84 
- 

- 
- 

7.33 

6.25 
- 
- 
- 

5.33 

1. 92 
* 

25. 58 

- 
- 
- 

1.83 

5.83 
- 
- 
- 

1. 58 

20.92 

4.25 

3.42* 

3.00 

- 
- 

7.00 

6. 58 

24. 66 

0.92 

5. 08 
- 
- 
- 
4. 92 
7. 58 
- 
- 

* 
Continuous with figure above 

- 
- 

- 
- 
- 

9 and 1 
- 
- 

9 and 1 

- 

9 and 1 

9 and 1 

- 
- 
- 

9 and 1 
- 

6.41 

4. 92 
3.33 

2.33 

7.00 

7 .33  

10. 08 

3. 92 
6. 67 

6. 25 

5.75 

1.92 

65.91 

4.25 

5. 08 

3.00 

1. 83 

5. 83 

4. 92 

10.25 

6. 58 

1. 58 
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Table A-3 (page 2 of 3) 

Site 7 Site 9 Site 1 Redundant Total 
Orbit  Haw Tex Ken Sites Usable 

2 29  7. 58 7. 58 

30 5. 58 5. 58 
31 - 5.42 3. 17 9 and 1 5.42 

Day 

- - - 
I - - - 

.I, 

32 - 1.25* 4 . 5 0 *'* 9 and 1 4. 50 

I 

Total  16.82 30.92 31.75 66.40 

3 32 1. 67 - - 1. 67 

33 5.25* 5. 25 
35 6. 67 - - - 6. 67 

36 6. 08 - - - 6. 08 

41 - 3. 58 7. 67 9 and 1 8.34 

42 - 7.75 5.25 9 and 1 9.75  

43 - 0. 92 - - 0. 92 

44 7.42 - - - 7.42 

45 4.83 - 1.33 - 6. 16 

46 - 4. 17 4.75 9 and 1 6. 08 

47 - - 2.92 - 2.92 

47 - 3 .  58 - - 3. 58 

48 - 2.42* 1.83 9 and 1 2.42 

- - - 

* 

Total  25. 00 29.34 23.75 67.26 

.I, 

4 48 - 1.75* 2.33- 9 and 1 2 .33  
3.33 - - - 3.33 49 

50 1. 17 - - - 1. 17 

51 6. 50 - - - 6. 50 

56 - - 6.42 - 6. 42 

57 - 7. 50 7. 17 9 and 1 10.42 

58 5. 67 - - 5. 67 

59 5.00 - - - 5.00 

-1- 

Continuous with f igure above 
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Table A-3 (page 3 of 3 )  

Site 7 Site 9 Site 1 Redundant Total  
Day Orbit  Haw Tex Ken Sites Usable 

4 60 

61 

62 

62 

63 

- 
- 
- 

5.00 

2.33* 

- 
6. 00 

0. 50 

2.25 

4 . 8 3 "* 

* 

.I. 

Total 

5 63 

64 
65  

66 
67 

72 

73 

75 

76 

77 

78 

78  

79 

23.17 

- 
- 

2 .  58 
J, 

4. 75." 

4. 17 
- 
- 

7. 67 

2.33 

- 
- 
- 

22.25 

.b 

0.42 

5 . 3 3 'I' 
- 
- 
- 

5. 76 

7.33 
- 
- 

5. 58 
- 

2.83 
.?. 

4. 75." 

29. 50 

- 
- 
- 
- 
- 

7.83 

3.75 
- 

3. 92 

4. 08 

3. 67 
- 
- 

- 
- 
- 

9 and 1 

9 and 1 

- 
- 
- 
- 
- 

9 and 1 

9 and 1 
- 
- 

9 and 1 
- 
- 
- 

7. 17 

6. 0 0  

0. 50 

5. 00 

4. 83 

64. 34 

0. 42 

5. 33 

2. 58 

4 .75  

4. 17 

9. 50 

9.00 

7. 67 

6. 25 

5. 92 

3. 67 

2. 83 

2. 25 

Total  

5-day total 

21. 56 

112. 13 

31.91 

133. 59 

23.25 

132.91 

64.34 

328.25 

* 
Continuous with f igure above 

a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Table A-4  

THREE-SITE NETWORK: GOL, TEX, AND KEN (page 1 of 3)  

Ground Si te  Coverage Times (min . )  

= 70.3' - 
max. - 5', and cy min. h = 200 nmi ,  i = 50°, e 

Date of run: 1 June 1965--SRM simulation 

Redundant Total Site 11 Site 9 Site 1 
Day Orbit  Go1 T ex Ken Sites Usable 

1 1 

2 

2 

3 

10 

11 

12 

13 

14 

15 

16 

Total  

2 16 

17  

18 

25 

26 

27 

28 

29 

30 

.L 

7.52 

0. 50"' 

2.33 

2. 67':' 
- 
- 

7.67 

6.92 

3.58 

4.08 
- 

35.17 

7.33 

4.92 
J, 

2. 33". 
- 
- 

6.25 

7.67 

5.00 

3.00 

2.58 

4 . 9 2''' 
d, 

- 
- 
- 

7.75 

3.92 
- 
- 

1.75 
- 

20.92 

4.25 

3. 42.'' 

3.00 

.b 

- 
7.00 

6 .58  
- 
- 
- 

3. 83  
- 
- 
- 

7.33 

6. 25 
- 
- 
- 

5.33  

1 . 92''' 
.L 

3 4  h h  
"I. " V  

0 .  92 

5.08 
- 

4. 92 

7. 58 
- 
- 
- 

5.58 

11 and 9 
11 and 9 

- 
- 
- 

9 and 1 

11 and 9 
- 

- 
9 and 1 

- 

11 and 9 
9 and 1 

9 and 1 

11 and 9 
- 

9 and 1 

11 and 9 
- 
- 
- 

11.25 

4.92 

2.33 

2.67 

7.33 

10.08 

8. 09 

6.92 

3.50 

9 .83  

1 .92  

6 8 - 9 2  

8.83 

10.00 

4.66 

4 .92  

10.25 

8.25 

7.67 

5.00 

8 .58  

.l, .P 

Continuous with figure above 
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Table A-4  (page 2 of 3) 

.b I,. 

Continuous with f igure  above 
i 

Site 11 Si te  9 Site 1 Redundant Total  
Day Orbit  Go1 T ex Ken S i t e s  U s  able  

2 31 6. 25 5.42 3 .  17 11 and 9 10.17 
9 and 1 

.(r 

32 - 1 . 25." 4. 50::' 9 and 1 4.50 

Total  42. 75 30.92 31.75 82.83 

- 6. 67 3 32 6.67 1.67 11 and 9 
33 1. 08." 5. 25" - 11 and 9 5.25 

0.42 - - - 0.42 33 

.*. 

.b 

34 1 . 9 2.'' - - - 1. 92 

41 - 3.58 7. 67  9 and 1 8 .34  

42 - 7.75 5. 25 9 and 1 9.75 

43 7. 92 0.92 - 11 and 9 7. 92 

44 6.33 - - - 6.33 

45 3 .08  - 1.33 - 4.41 

4.75 4. 17 4.75 9 and 1 10.83 46 

47 7. 67 3 .58  2. 92',' 11 and 9 11.25 
.L 

.I, 

48 - 2 . 4 2.l. 1. 83 9 and 1 2.42 

Total  39.84 29.34 23. 75 75.51 

4 48 

49 
56 

57 

58 

59 

60 

61 

62 

.I, 

3.92 

2. 58.'. 

- 
7.08 

7.33 

4.33 

3.42 

.Ir 

1 . 75''' 

7.50 

5 .67  

.*, 
2. 33''' 

- 
6.42 

7. 17 
- 

.I, 

6 .00 

0. 50"' 

9 and 1 
- 

- 
11 and 9 

- 

2.33 

2.58 

6.42 

10 .33  

8.42 

7.33 

4 .33  

9.42 

0.50 



a - _ -  

Table A-4 (page 3 of 3) 

Total  
Orbit Go1 T ex Ken Si tes  Usable 

Site 11 Site 9 Si te  1 R ed undant 
Dav 

4 62 

63 

Total 

5 63 

64 

72 

73 

74 

75 

76 

77 

78 

79 

6.75 

- 
35.41 

6.00 
4, 

1. 75." 
- 

4.58 

7. 92 

5.75 

2. 92 

5.50 

7. 58 
- 

Total 

5-day total  

42.00 

195. 17  

5.00 

J, 

2. 33'l' 

22. 25 

0.42 
.', 

5. 33". 

5.67 

7.33 

- 
- 
- 

5.58 

2.83 
J, 

4. 75'l' 

31.91 

135.34 

2. 25 

4 . 8 3 ' I .  

.I, 

29.50 

- 
- 

7. 83 

3.75 

- 
- 

3.92 

4.08 

3 .67  
- 

23.25 

132.91 

11 and 9 
9 and 1 

9 and 1 

11 and 9 
11 and 9 
9 and 1 

11 and 9 
9 and 1 

- 
- 
- 

9 and 1 

11 and 9 
- 

9.58 

4. 83 

66.07 

6.00 

5 .33  

9.50 

9. 16 

7. 92 

5.75 

6.84 

10.92 

11.25 

4.75 

77.42 

370.75 

.?, ,a- 

Continuous with figure above 
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.J- 1. 

Continuous with f igure  above 

t Table A-5 

FOUR-SITE NETWORK: HAWJ GYM, TEXJ AND K E N  (page 1 of 4) 

Ground Site Coverage T i m e s  (Min. ) 

h = 200 nmi, i = 50", e = 5", and  CY = 70.3" 

Date of run: 1 June 1965--SRM simulation 

min. max. 

Site 7 Site 8 Site 9 Site 1 Redundant To tal 
Day Orbit Haw Gym Tex Ken Si tes  Usable 

- 8. 67 1 1 4.83 2. 58 3.83 8 and 9 
.I. 

2 - 2. 58 4 . 9 2 ' I .  - 8 and 9 4. 92 

4 2 . 3 3 -" - - - - 2.33 

3 . 3 3  5. 08 - - - 8.41 
.b 

3 

5 7 .00  - - - - 7.00 

10 - - - 7.33 - 7.33 
- 11.33 11 6. 00 7.75 6.25 8 and 9 

and  1 
- - 8. 17 12 7. 17 3.92 8 and 9 

13 6. 67 - - - - 6. 67 

14 6.25 - - - - 6. 25 

- 1.75 5.33 9 and  1 5. 75 15 
J, 

1 6  - - - 1 . 9 2 ' I .  - 1. 92 

Total  25. 58 25.66 20.92 24.66 78. 75 

2 16 - 5. 92 4 .25  0. 92 8 and  9 5. 92 

17 - 0. 25"' 3 . 42 "* 5. 08 8 and 9 5. 08 

- 2. 50 - - - 2. 50 17 

and  1 
.I. rt. 

and 1 

a. 

18 - 4 . 9 2 -I- 3.00 - 8 and 9 4. 92 

19 1.83 - - - 1. 83 

20 5. 83 - - - - 5. 83 

25 - - - 4.92  - 4. 92 



Table A-5 (page 2 of 4) 

Site 7 Site 8 Site 9 Site 1 Redundant Total  
Day Orbit  Haw Gym Tex Ken Sites Usable 

2 26 - - 7.00 7. 58 9 and 1 10.25 
27 - 7. 75 6. 58 - 8 and 9 9. 50 
28 1 .  58 3 .92  - - - 5. 50 

2 9  7. 58 - - - - 7. 58 
30 - - L 5. 58 - 5. 58 
31 - 2. 67 5.42 3. 17 8 and 9 6. 17 

9 and 1 
.b .b 

32 - - 1 . 2 5 ' I .  4 . 5 0 "* 9 and 1 4. 50 

Total  16.82 27.93 30.92 31.75 80.08 

3 32 
33 
34 
35 
36 
41 
42 

4. 25 
3.42 
2.25 

.I. 

1. 67 
5 . 2 5 ' I .  

8 and 9 

8 and 9 
4.25 
5.25 
2.25 
6. 67 
6. 08 
8.34 

11.59 

- 
6. 67 
6. 08 

.. 

- 
3. 58 
7. 75 

7. 67 
5.25 

9 and 1 
8 and 9 

and 1 

8 and 9 

- 
7.08 

6. 58 0 . 9 2  6. 58 
7.42 
6. 16 
6. 08 
2.92 
5. 50 
2.42 

43 
44 
45 
46 
47 
47 
48 

- 
7.42 
4.83 1.33 

4.75 
2 . 9 2 

.L 

- 
4. 17 

- 
9 and 1 

5. 50 .*. 
1 . 42." 

3. 58 
2 . 42 ' I .  

J, 

8 and 9 
8 and 9 

and 1 
1. 83 

30. 50 29.34 23.75 81. 51 25.00 Total 

... .L 

4 48 - 1 . 75"' 2 3 3 ." 9 and 1 2.33 
48 1. 50 - - 1. 50 - 

rl. .I* 

Continuous with f igure above 
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Table A-5 (page 3 of 4 )  

Site 8 Site 9 Site 1 Redundant Total  Site 7 
Tex Ken Sites Usable Day Orbi t  Haw Gym 

.I. 

4 49 3.33 5. 17-’ - - - 8. 50 

- - - 50 1.17 - 1. 17 

51 6. 50 - - 6. 50 

56 - - - 6.42 - 6.42 

- 10.42 57 3 .75  7. 50 7. 17 8 and  9 
and  1 

58 7. 67 5. 67 8 and  9 9. 09 
59 5 .00  1. 17 - - - 6. 17 

60 7 .17  7. 17 
- - - 6. 0 0  - 6. 00 61 

62 0. 50“’ - 0. 50 

62 - 4. 58 5. 00 2 .  25 8 and  9 6 .25 

- - 

- - 

- - - - 

.I, - - - 

and 1 
4, .‘, 

63 - - 2 . 3 3 ‘a- 4 . 8 3 ‘I. 9 and  1 4. 83 

5 

Total  23.17 23.84 22.25 29. 50 76.85 

- - 3. 50 3 .  50 0.42 8 and  9 63 
- - 5 , 3 3  64 4 . 2 5 ‘I* 5 . 3 3 ‘I. 8 and  9 

65 2. 58 - - - - 2. 58 

66 4. 75‘l’ - - - - 4 .75  

67 4. 17 - - - - 4. 17 

72 - - 5. 67 7. 83 9 and 1 9 .  50 

73 - 7. 50 7.33 3 .75  8 and 9 11.25 

74 - 5. 67 - - - 5. 67 

75 7. 67 - 7. 67 

76 2.33 - - 3. 92 - 6.25  

77 - - 5. 58 4. 08 9 and 1 5. 92 

.b J, 

d- 

and 1 

- - - 

* 
Cor,tinuous with f igu re  above 



T a b l e  A-5 ( p a g e  4 of 4) 

Si t e  7 S i t e  8 S i t e  9 S i t e  1 Redundan t  To t  a1 
T e x  K e n  S i t e s  U s a b l e  Day O r b i t  H a w  G y m  

5 7 8  - - - 3 . 6 7  - 3. 67 

78 - 5. 00 2 . 8 3  - 8 a n d  9 5 .00 

79  2 .25*  
.L 

4 . 7 5 *  

T o t a l  21.  56 2 8 . 1 7  3 1 . 9 1  2 3 . 2 5  

8 a n d  9 4 . 7 5  

8 0 . 0 1  

5 - d a y  t o t a l  112. 13 136. 10  1 3 3 . 5 9  1 3 2 . 9 1  3 9 7 . 2 0  

JI 1. 

Cont inuous  wi th  f i g u r e  a b o v e  
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Table A-6 

THREE-SITE NETWORK: SE,  MPLS,  AND BOS (page 1 of 3) 

Ground Site Coverage T imes  (Min. ) 

= 5', and CY = 70.3 min . max. h = 200 nmi,  i = 50° ,  e 

Date  of run: 6 July 1965--SRM simulation 

S i te  1 Site 2 S i te  3 Redundant Total  
Usable Day  Orbit Se Mpls Bos Sites 

1 1 

10 

11 

12 

13 

14 

15 

7.42 
- 
- 

2.00 

7.67 

8.08 

8 .08  

- 
- 

5.92  

8.08 

7.83 

7. 92 

7.92 

Total 

2 16 

17 

25 

26 

27 

28 

29 

30 

31 

Total  

33.25 

8.00 

5.25 

3.00 
- 
- 

6.75 

8. 17 

8.08 

8.08 

37.67 

4.58 
- 
- 

1. 17 

7.75 

6.00 

7.75 

8 .08  

6.83 

47.33 

4- .P 

Continuous with f igure above 

42. 10 

- 
6. 42 

8. 00 

7. 25 

7.33 

8. 00 

5. 67 

42.67 

.I, 

0 .  25". 
- 
- 

7. 83  

7.58 

7. 17 

7. 83  

7. 50 

- 

38. 16 

- 
- 

2 and 3 

1 and 3 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
- 
- 

2 and 3 

2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 

7.42 

6 .42  

1 0 . 0 0  

12.25 

16.50 

17.50 

15.67 

85.76 

11.17 

5.25 

3 .00  

7.83 

11. 17 

15.50 

17.42 

17.08 

12.33 

100.75 
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Table A-6 (page 2 of 3) 

Si te  1 Site 2 Site 3 Redundant Total  
D a y  Orbi t  S e  Mpls Bos Sites  Usable 

3 32 

41 

42 

43 

7.00 
- 

7.00 

7.08 

10.50 

13. 75 

7. 08 

7. 92 

7.20 

- 
6.75 

8.08 

2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 

- 
4.42 

44 7. 92 7.83 7. 50 16.92 

45 8. 17 7.92 8.00 17.50 

46 8.08 7.75 4.58 

.*I 

0 . 2 5 "' 

14.92 

7.75 2.00 9.67 47 

Total  43.34 40.33 42.53 93.34 

4 48 

56 

57 

58 

59 

3.67 
- 

3 .67  

5 . 0 8  

8.92 

11.42 

16.00 

- 
5.08 

8. 00 

7. 50 

7.25 

- 
4.33 

8.00 

7.92 

2 and 3 

2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 
2 and 3 

1 and 2 

- 
7.25 

60 8. 17 8.17 8. 00 17.58 

61 6.92 16.67 8.08 8.00 

62 

Tota l  

8.08 4.42 11.92 

35.25 40.50 42. 75 91.26 

5 63 

72 

73 

6.42 
- 
- 

6.42 

7.58 

10.92 

- 
7.58 

7. 83 

- 
7.25 

- 
2 and 3 

.I, .P 

Continuous with f igure above 
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Table A-6  (page 3 of 3) 

Site 1 S i te  2 Site 3 Redundant Total  
Orbit Se Mpls B os S i t e s  U s  ab le  

74 

75 

76 

77 

78 

Total  

5-day total 

5.75 

8.00 

8 .08  

8.08 

7.50 

43.83 

203.00 

8 .08  7. 1 7  

7.75 7. 67 

8.00 7. 83 

7.42 1. 67 

38.50 37.75 

199.10 203.80 

1 and 2 14.67 
2 and 3 

1 and 2 17.17 
2 and 3 

1 and 2 17.33 
2 and 3 

1 and 2 13.42 
2 and 3 

- 7.50 

95.01 

470.12 



Table A-7 

TWO-SITE NETWORK: GOL AND BDA (page 1 of 3) 

Ground Site Coverage Time (Min. ) 

h = 200 nmi, i = 50°, e = 5" ,  and ct = 70.3" 

Date of run: 1 June 1965--SRM simulation 

min. max. 

Site 11 Site 2 Redundant Total 
Day Orbit  Go1 Bda Sites Usable 

1 1 7.42 3.33 - 
2 0. 50* - - 
2 2.33 - - 

10.75 

0. 50 

2 .33  
3 2.67:: - - 2. 67 

9 - 4.33  - 4.33  
10 - 7.75 - 
11 - 4. 50 

12 7.  67 - - 
13 6. 92 1.33 - 
14 3. 58 7. 16  - 

7.75 

4. 50 

7. 67 

8 .25  

10.74 
15 4. 08 3.33 - 7.41 

16 - 3. 58'' - 
Total  35.17 35.31 

2 16 7 .33  - - 
17 4. 92 - - 
18 2.33:: - - 
25 - 7. 58 - 
26  6. 41 - 
27 6 .25  - - 
28 7. 67 - - 

3. 58 

70.38 

7.33 

4. 92 

2.33 
7. 58 

6.41 

6. 25 

7. 67 
29 5.00 5.75 - 10.75 

30 3.00 5. 25 - 
31 6.25 1. 91 - 

Total  42.75 26. 91 

8 .25  

8. 16 

69. 66 
.I. -4- 

Continuous with figure above 
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Table 'A-7 (page 2 of 3) 

Site 1 1  Site 2 Redundant Total  
Orbit Go1 Bda Sites Usable Day 

3 

Tota 

4 

32 6. 67 - - 6. 67 
33 1 . 08"' - - 1. 08 

.le 

0.42 - 
.I. 

33 
34 1 . 9 2 ' I .  - 

0.42 
1. 92 

40 6. 00 - 6. 0 0  

41 - 7. 50 - 7. 50 
42 - 3. 16 - 3. 16 

43 7.92 - - 
44 6. 33 3.33 - 
45 3. 08 6. 83 - 

rb 

46 4.75 0. 75." - 

7. 92 
9. 66 
9.96 
5. 50 

47 2. 16 - 2. 16 
47 7. 67 3 . 7 5.'' - 11.42 

- 
.l. 

39.84 33.48 73.42 

48 3.92 - - 
JI 

49 2. 58.'- - - 
56 - 7.75 - 
57 - 5. 66 - 
58 7. 08 - - 

3. 92 
2. 58 
7.75 
5. 66 
7. 08 

-7.33 - - 7.33 59 
60 4.33 6.41 - 10.74 

61 3.42 4. 50 - 7. 92 
62 6. 75 3. 08 - 9. 83 

Total 35.41 27.40 62.81 
~ 

* 
Continuous wi th  f igure above 



Table A-7 (page 3 of 3 )  

- 
Site 11 Site 2 Redundant Total  

Day Orbit Go1 i3da Sites Usable 

5 63 

64 

71 

72 

73 

74 

75 

76 

77 

77 

78 

.I, 

6. 00 
1.75-* 

- 
4. 58 

7.92 

5. 74 

2. 92 

5. 50 
- 

7. 58 

- 
6. 91 

7. 16 

1.00 

4.41 

6. 16 

1. 58*r 

0.75 

7.00 

.I. 

6. 00 

1.75  

6. 91 

7. 16 

5. 58 

7. 92 
10.16 

9. 08 

7. 08 

0 .75  

14. 58 

Total  

5-day total  

~ 

42.00 

195.17 

34.97 

158. 07 

76.97 

353.24 

.I. -,. 
Continuous with figure above 
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Table A-8 

TWO-SITE NETWORK: T E X  AND KEN (page 1 of 2) 

Ground  Site Coverage Times  (Min. ) 

= 5', and CY min. max. = 70.3' h = 200 mni, i = 9 0 ° ,  e 

Date of run: 3 June 1965--SRM simulation 

Site 9 Site 1 Total  Total  
Ken Redundant Nonre dundant Usable Day Orbi t  Tex 

1 

2 

3 

1 

2 

8 

9 
15 

16 

Total  

16 
17 

17 

18 

24 

25 

3 1  

32 

Total  

32 

33 

39 

40 

47 

48 

Total  

3.42 

3.50 
- 

7.33  
- 
- 

14.25 

3.08 

3. 42"' 

2.00 

.l. 

3. 58 
- 

7.33 
- 

2.00 

2. 08." 
J. 

14.99 

3. 50 
.e* 

3 . 0 0 "' 
- 

J. 

1. 58"' - 
5. 17 

5. 58 
- 
- 

20.83 

3. 67 

3. 83'" 
.l. 

- 
7. 25 

1.75 

7. 25 
- 

3. 50 
.SI 

3 . 5 0 'I. 

20.75 

0. 58 
- 

6. 08 

4. 58 

3. 8 3  
.b J. 

1. 92.'- 2. 42". 
-- 
18.42 17.49 

- 
- 
- 
- 
- 
- 

3.08 

3.00::: 
- 
- 

5. 17 
- 
- 
- 

11.25 

0. 58 
- 
- 

4. 58 

1.75 

1. 9 2''' 

8 .83  

.I, 

7.00 

3. 50 

7.33 

7 .33  

2.00 

2. 08 

29. 24 

0. 42 

0. 42 

2.00 

1. 58 

2. 08 

5. 58 

3. 50 

3. 50 

19. 08 

3. 67 

3. 8 3  

6. 08 

2. 67 

2. 08 

0.  50 

7 .00  

3. 50 

7 .33  

7 . 3 3  

2.00 

2. 08 

29. 24 

3. 50 

3. 42 

2.00 

1. 58 

7. 25 

5. 58 

3 .  50 

3 .  50 

30. 33 

3. 67 

3. 8 3  

6. 08 

7. 25 

3. 83  

2. 42 

18. 83  27. 08 
J, *,* 

Continuous with f igure  above 
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Table A-8 (page 2 of 2) 

Site 9 Site 1 Total  Total 
Day Orbit  Tex  Ken Redundant Nonre dundant Usable 

4 48 

49 

55 

56 

62 

63 

Total 

5 63 

64 

70 

71  

72 

7 3  

79 

Total 

5-day total  

.l. 

3.25 

3 . 1 7 ' I -  

- 
7. 17 

- 

.1. 

1 . 17 ' I .  

- 
7.  50 

- 
2. 67 

2. 50"' 
J. 

13.59 

3. 33 

3. 67" 
- 

6.00 

4. 50 
- 
- 

17.50 

84.59 

13.84 

3. 17 
.I. 

2. 58.'. 

2.58 

6.75 
- 

3.75 

3. 50'" 
.(r 

22.33 

89.40 

.t, -8- 

Continuous with f igure above 

- 
- 
- 
- 

- 

3. 17 

2. 58". 
.b 

- 
6.00 

- 
- 
- 

16.33 

31.83 

4. 42 

3. 17 

7. 50 

7. 17 

2. 67 

2. 50 
~ ~~ 

27.43 

0. 16 

1. 09 

2. 58 

0.75 

4. 50 

3.75 

3. 50 

16.33 

110.91 

4.42 

3. 17 

7. 50 

7.17 

2. 67 

2. 50 

27.43 

3.33 

3. 67 

2. 58 

6.75 

4. 50 

3.75 

3. 50 

28.08 

142. 16 

I 
8 
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Table A-9 

THREE-SITE NETWORK: GYM, TEX, AND K E N  (page 1 of 2) 

Ground Site Coverage Times (Min. ) 

h = 200 nmi, i = 90', e = 5', and CY = 70.3' 

Date of run: 3 June 1965--SRM simulation 

min. rnax. 

Site 8 Site 9 
Day Orbit Gym Tex 

1 1 

2 

2 

3 

8 

9 
10 

15 

16 

Total 

2 16 

17 

17 

18 

24 

25 

31 

32 

Total  

3 32 

33 

3. 33 

3. 50'" 

1. 58 

0. 83'" 

.b 

.TI 

- 
5. 67 

5. 08 
- 
- 

3. 42 

3. 50.'' 
.b 

- 
- 
- 

7.33 
- 
- 
- 

19.99 

- 
- 

J. 

3. 67 

3. 7 5- 
- 

7.33 
- 
- 

14. 25 

3. 08 

3. 42''. 

2.00 

1 . 5 8 "* 

5. 17 

5. 58 

.*I 

.I. 

- 
- 

Site 1 Redundant Total 
Ken Si tes  Usable 

3. 58 
- 
- 
- 

7.33  
- 
- 

2.00 

2. 08"' 
.I, 

14.99 

3. 50 
.TI 

3. 00"' 
- 
- 

7. 25 
- 

J. 

3. 50 

3 . 5 0 'I. 

14. 75 

2.33 

2. 25.'- 
J, 

20.83 

3.67 

4, 

3. 75". 

20.75 

0 .58  

8 and 9 
8 and 9 

- 

- 
- 

8 and 9 
- 
- 
- 

9 and 1 

9 and 1 

8 and 9 
8 and 9 
9 and 1 

8 and 9 
- 
- 

8 and 9 
and 1 

8 and 9 

7.00 

3. 50 

1. 58 

0.83 

7 .33  

7 .33  

5. 08 

2.00 

2. 08 

36.73 

3. 50 

3. 42 

3. 67 

3.75 

7. 25 

7 . 3 3  

3. 50 

3. 50 

35.92 

3.67 

3.75 

rlr -8- 

Continuous with f igure above 
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Table A-9 (page 2 of 2) 

Redundant Total Site 8 Site 9 Site 1 
Day Orbit  Gym T ex Ken Sites Usable 
~- 

3 33 

34  

39 

40  

41 

47 

48 

3. 17 

2. 83". 
4. 

3. 17 

2. 83 

6. 08  

7. 25 

7.00 

3. 83 

3. 58  

- 
6. 08  

4.58 

- 
9 and 1 7. 25 - 

7.00 - 
3. 83 

2. 42.'. 
J, 

- 
9 and 1 

9 and 1 

1 .75  

1 . 92''- 
.I. 

17.49 41. 16 Total 17.58 18. 34 

J. 

1 . 1 7 ' I .  

- 
7 .50  

4 48 

49 
55 

5 6  

57 

62 

63 

3.50 

3. 67" 
.lr 

3. 25 
3 . 17 -I- 

8 and 9 
8 and 9 

4. 67 

3. 67 

7. 50 

7. 17 

3. 67 

2. 67 

2. 50 

- 
6.42 

- 
8 and 9 7. 17 

3.67 

2. 67 

2. 50"' 
.*. 

17.26 13. 59 13.84  31.85 Total 

5 63 

64 

65 

7 0  

7 1  

7 2  

78 

79 

3.33 

3. 67* 
3. 17 

2. 58.'' 
J. 

9 and 1 

9 and 1 

3. 33 

7 .33  

3. 58 

2. 58 

6.75 

4. 50 

3 .75  

3. 50 

.t. 

3. 67 

3. 58.'- - 
2. 58 

6.75 

- 
6. 00 

4.50 
- 

- 
9 and 1 

8 and 9 7.50  - 
3.75 

3. 50'" 
4- 

14.75 

84.33 

17.50 

84. 51 

22.33 35. 32  

180.98 

Total 

5-day total  89.40  

*Continuous with f igure above 
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Table A-10 

THREE-SITE NETWORK: HAW, TEX, AND K E N  (page 1 of 3) 

Ground Site Coverage T imes  (Min. ) 

= 5O, CY = 70.3 O min. m ax. h = 200 nrni, i = 90' , e 

Date of run: 3 June 1965--SRM simulation 

Site 7 Site 9 Site 1 Redundant Total  
Day Orbit Haw Tex  Ken Si tes  Usable 

1 1 

2 

3 

4 

4 

5 

8 

9 
11 

12 

15 

16 

Total  

2 16 

17 

17 

18 

19 

20 

24 

25 

27 

31 

- 
- 

.lr 

1. 33 

4 . 5 0 

0.75 

3 . 1 7 
.e. 

- 
- 

3. 33 

6. 08  
- 
- 

3. 58 

- 
- 
- 
- 

7.33  
- 
- 
- 

2.00 

2. 08"' 
J, 

19. 16 

- 
- 
- 
- 

2. 08  
.l. 

5 . 2 5 'I- 
- 
- 

6. 92 
- 

14. 25 

3. 08 

3. 42." 

2.00 

J. 

J. 

1 .  58.'' 
- 
- 

5. 17 

5. 58 
- 
- 

14.99 

3. 50 
J, 

3 .  oo-" 
- 
- 
- 
- 

7. 25 
- 
- 

3. 50 

7.00 

3. 50 

1. 33 

4. 50 

0.75 

3. 17 

7.33 

7 .33  

3.33 

6.08 

2.00 

2. 08 

48.40 

3. 50 

3. 42 

2.00 

1. 58 

2. 08 

5. 25 

7. 25 

5. 58 

6.92 

3. 50 
.b e,. 

Continuous with figure above 



Table A-10 (page 2 of 3) 

Site 7 Site 9 Site 1 Redundant Total 
Day Orbit  Haw T ex Ken Si tes  Usable 

3 

4 

2 32 

Total 

32 

33 

35 

36 

39 

40 

43 

47 

48 

Total  

48 

49 

50 

51 

52 

55 

56 

58 

59 

62 

63 

Total 

14.25 

- 
- 

1.92 

4. 67'" 
- 
- 

7. 25 
- 
- 

20.83 

3. 67 .*. 
3. 75". 
- 
- 
- 

7. 25 
- 

1.75 
.l. 

1. 9 2.'. 

13.84 

- 
- 

1. 67 

4.92 

0.75 
- 
- 

4.92 

5.08 

- 

18. 34 

3. 25 
.l. 

3 . 17 "* 
- 
- 
- 

7. 17 
- 
- 
- 
- 

17.34 13.58 

.la 

3. 50"' 3.50 

20.75 

0.58 
- 
- 
- 

6. 08 

4.58 

3.83 

2. 42"' 
.*. 

9 and 1 
- 

- 
9 and 1 

- 
9 and 1 

9 and 1 

~ 

44.58 

3. 67 

3.75 

1. 9 2  
4.67 

6. 08 

7. 25 

7.25 

3. 83  

3. 58 

17.49 

rtr 

1 . 1 7 'I. 
- 
- 
- 
- 

7. 50 
- 
- 
- 

2. 67 
.L 

2. 50"' 

42.00 

4. 42 

3. 17 

1. 67 

4.92 

0 .75  

7.50 

7. 17 

4.92 

5 .08  

2. 67 

2.50 

13.84 44.77 

J, .,- 
Continuous with f igure above 
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Table A-10 (page 3 of 3) 

Site 7 Site 9 Site 1 Redundant Total  
Day Orbit  Haw Tex Ken Sites U s  able 

5 63 

64 

66 
67 
70 

71 

72 

74 

78 

79 

3 .  17 

2 . 5 8 ':: 

9 and 1 

9 and 1 

3 .33  

3 .67  

2.08 

5 .25  

2.58 

6.  75 

4 .50  

7. 17 

3.75 

3.50 

2. 08 
.l, 

5. 25"' 

2. 58 

6. 75 

- -  
9 and 1 

- 
6.00 

4.50 

7. 17 

3 .75  

3 . 50.'- 
.b 

.. 

14.50 22.33 42.58 Total  17.50 

5-day total  79.09 84.51 89.40 222.33 

.L .F 

Continuous with f igure above 



Table A-11 

THREE-SITE NETWORK: GOL, TEX, AND KEN (page 1 of 3) 

Ground Site Coverage Times  (Min. ) 

h = 200 nmi,  i = 90°, emin, = 5O, and CY = 70.3O max. 
Date of run: 3 June 1965--SRM simulation 

Site 11 Site 9 Site 1 Redundant Total  
Day Orbit  Go1 T ex Ken Si tes  Usable 

1 1 4. 58 3.42 3.58 11 and 9 8. 16 

11 and 9 3. 50 
.*. rl. 

2 0 . 5 8 *'* 3. 50"' - 
2 5.42 - 5.42 
3 1. 17-' - 1. 17 
8 - - 7 .33  - 7.33 

9 3.50 7.33 - 

- - 
.I. - - 

9 and 11 7.91 

10 7 .08  - 7.08 - 
- 15 - 2.00 - 2.00 

16 - 2. 08"- - 2. 08 
.I. - 

Total 22.33 14.25 14.99 44.65 

- 2 16 3.08 3.50 9 and 1 3. 50 

17 5.58 3. 42". 3.00 11 a n d 9  6. 92 

2.00 - 2.00 17 
- 1.75 18 1. 75"- 1. 58.'- 11 and 9 

18 2.33 2.33 

25 6. 83 5.58 - 11 and 9 6.83 

26 4.42 - 4.42 

31 3. 50 - 3.50 

.'. 

9 and 1 
- - 

Jr 4. 

- - 
- 24 5. 17 7. 25 9 and 1 7. 25 

- - 
- - 

.(r - - - 32 3. 50". 3. 50 

Total  20.91 20.83 20.75 42.00 

.e. *a- 

Continuous with figure above 
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Table A-11 (page 2 of 3 )  

Site 11 Site 9 Site 1 Redundant Total  
Day Orbit Go1 Tex  Ken Si tes  Usable 

3 32 

33 

34 

39 

40 

41 

47 

48 

Total  

4 48 

49 

49 
50 

55 

56 

57 

62 

63 

Total  

5 63 

64 

65 

70 

71 

72 

73 

- 
5.75 

J. 

1 . 7 5 'I. 
- 
- 

7.58 
- 
- 

.I. 

3. 67 

3. 75"' 
- 
- 

7. 25 
- 

1.75 
.b 

1. 9 2". 

0. 58 
- 
- 

6. 08 

4. 58 
- 

3. 83 

2. 42"' 
.b 

15. 08 

5. 00 

1. 08 

5. 25 

0. 67':: 
- 

4.92 

6. 67 
- 
- 

23.59 

- 
5.75 

.b 

1 . 7 5 ' P  

- 
- 

7. 17 

2. 50 

18.34 

3. 25 
3. 17::: 

- 
- 
- 

7. 17 
- 
- 
- 

13.59 

3.33 

3. 67':' 
- 
- 

6. 00 

4. 50 
- 

17.49 

.I, 

1 . 1 7 'I. 
- 
- 
- 

7. 50 
- 
- 

.t. 

2. 67 

2 . 5 0 'P 

13.84 

3. 17 

2. 58.'. 
.b 

- 
2. 58 

6.75 
- 
- 

9 and 1 
- 
- 
- 

9 and 1 
- 

9 and 1 

9 and 1 

11 and 9 
11 and 9 

- 
- 
- 

9 and 11 
- 
- 
- 

9 and 1 

9 and 1 
- 
- 

9 and 1 

9 and 11 
- 

3. 67 

9. 50 

1.75 

6. 08 

7. 25 

7. 58 

3. 83 

2.42 

42.08 

6. 17 

3. 17 

5. 25 

0. 67 
7.50 

8. 51 

6. 67 

2. 67 

2. 50 

41.94 

3. 33 

9.42 

1.75 

2. 58 

6. 75 

7.92 

2. 50 

J. -8% 

Continuous with figure above 
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Table A- 11 (page 3 of 3) 

Site 11 Site 9 Site 1 Re du ndant Total  
Ken Si tes  Usable Day Orbit  Go1 T ex 

5 78 

79 

- - 3.75 .*. 
3 . 5 0 

3.75 

3. 50 

Total 

5-day total  

17. 17 17.50 22.33 

99.08 84. 5 1  89 .40  

41.50 

212. 17 

a. *a- 
Continuous with f igure above 
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Table A-12 

FOUR-SITE NETWORK: HAW, GYM, TEX, AND KEN (page 1 of 3) 

Ground Site Coverage Times  (Min. ) 

= 70.3"  h = 200 nmi, i = 90°, ernin. - - 5O, and amax 

Date of run: 3 June 1965--SRM simulation 

Site 7 Site 8 Site 9 Site 1 Redundant Total  
Dav Orbit  Haw Gym Tex Ken Si tes  Usable 

1 1 

2 

2 

3 

4 

4 

5 

8 

9 

10 

11 

12 

15 

16 

Total  

2 16 

17 

17 

18 

19 

20 

24 

25 

- 
- 
- 

.I. 

1. 33 

4. 50"' 

0.75 
J. 

3 . 1 7 'P 

- 
- 
- 

3 .  33 

6. 08 
- 
- 

19. 16 

- 
- 
- 
- 

2. 08 

5. 25.'- 
.b 

3.33 
.la 

3 . 5 0 "' 

1. 58 

0 . 8 3 
.I. 

- 
- 
- 
- 

5. 67 

5. 08 
- 
- 
- 
- 

19.99 

- 
- 

.l. 

3. 67 

3 . 7 5 'I- 
- 
- 

- 7.33 

14.25 

3. 08 

3. 42". 

2.00 

1. 58 

JI  

- 
- 

5. 17 

5.58 

14. 66 

3. 50 
.l. 

3. 00'" 
- 
- 
- 
- 

7. 25 
- 

8 and 9 

8 and 9 
- 
- 
- 
- 
- 
- 

8 and 9 
- 
- 
- 
- 
- 

9 and 1 

9 and 1 

8 and 9 
8 and 9 

- 
- 

9 and 1 

8 and 9 

7 .00  

3. 50 

1. 58 

2. 16 

4. 50 

0.75 

3. 17 

7.33 

7. 33 

5. 08 

3. 33 

6. 08 

2.00 

2. 08 

55.89 

3. 50 

3.42 

3. 67 

3.75 

2. 08 

5. 25 

7. 25 

7.33 

.(r -a- 

Continuous with f igure above 
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I - -  

Table A- 12 (page 2 of 3) 

Site 7 Site 8 Site 9 Site 1 R e dun dan t Total  
Day Orbit  Haw Gym Tex Ken Si tes  Usable 

- 2 27 6.92 - - - 6. 92 
- - - 31 3. 50 - 3. 50 

32 3. 50"' 3. 50 

Total  14.25 14.75 20.83 20.75 50. 17 

rl. - - - - 
- - -  

3 32 2. 33 3. 67 0. 58 8 and 9 
and 1 

8 and 9 

3. 67 

J. 

2. 25"' 3.75:: 
3. 17 - 
2. 83"' - ... 

33 

33 

34 

35 

36 

39 

40 

41 

43 

47 

48 

3.75 

3. 17 

2.83 

1. 92 

4. 67 

6. 08 

7.25 

7.00 

7.25 

3. 83  

3. 58 

55.00 

1. 92 

4. 67" 

6.08 - 
9 and 1 

- 
- 7.25 

7.00 - 
4.58 
- 

7. 25 - 
9 and 1 

9 and 1 

- 1.75 

- 1.92* -- 
17.58 18.34 

3.83 

2. 42.'. 
.I. 

13.84 17.49 Total  

4 48 

49 

50 

51 

52 

55 

56 

57 

58 

59 

- 3. 50 

- 3.67* 

1. 67 - 
4.92 - 
0.75 - 

.(r 

3. 25 

3. 17'r 

1. 17" 8 and 9 
8 and 9 

4.67 

3. 67 

1. 67 

4. 92 

0.75 

7. 50 

7. 17 

3 .  67 

4.92 

5.08 

7.50 - 
8 and 9 

- 
- 6.42 

- 3. 67 

4. 92 - 
5. 08 - 

7. 17 

.lr -8. 

Continuous with figure above 
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Table A-12 (page 3 of 3) 

Site 7 Site 8 Site 9 Site 1 Redundant Total  
Tex  Ken Si tes  U s  able Day Orbit  Haw Gym 

4 62 

63 

Total  

5 63 

64 

65 

66 

67 

70 

71 

72 

74 

78 

79 

Total  

5-day total  

14.50 

79.09 

2.67 
J. 

2. 5 0 -I- 

17. 26 

- 

.b 

3. 67 

3 . 5 8 .'* 
- 
- 
- 
- 

7. 50 
- 
- 
- 

14.75 

84.33 

13.59 

3.33 

3. 67" 
- 
- 
- 
- 

6. 00 

4. 50 
- 
- 

17.50 

84.51 

13.84 

3. 17 

2. 58''. 
.lr 

- 
- 
- 

2. 58 

6.75 
- 
- 

.l. 

3.75 

3. 50'' 

22.33 

89.40 

- 
- 

9 and 1 

9 and 1 
- 
- 
- 
- 

9 and 1 

8 and 9 
- 
- 
- 

2.67 

2. 50 

49. 19 

3.33 

7.33 

3.58 

2. 08 

5. 25 

2. 58 

6.75 

7.50 

7. 17 

3.75 

3. 50 

49.82 

263.07 

.l. '6- 

Continuous with figure above 
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8 , A -  

B 
I 
1 
I 
8 
I 
I 
B 
I 
I 
I 
I 
1 
1 
I 
1 
I 

Table A-13 

THREE-SITE NETWORK: SE ,  MPLS, AND BOS (page 1 of 2) 

Ground Site Coverage Times (Min. ) 

h = 200 nmi ,  i = 90°, ernin. =5 ' ,  and CY = 70.3 max. 

Date of run: 7 July 1965--SRM Simulation 

Total  
Orbi t  S e  Mpls Bos Sites  Usable 

Site 1 Site 2 Si te  3 Redundant 
Day 

Total  

2 

1 1 

2 

7 

8 

9 

10 

15 

16 

17 

18 

23 

24 

25 

30 

31 

Total 

3 32 

33 

34 

39 
40 

4.08 

7.75 
- 
- 

3.50 

7.83 
- 

23.16 

- 
6.91 

6.83 
- 
- 

6.58 
- 
- 

27.40 

- 
7.83 

4. 16 
- 
- 

7.05 
- 
- 

5.58 

7.33 
- 
- 

19.96 

7.58 

4.66 
- 
- 

7.41 

5.25 
- 

3.41 

28.31 

7.66 
- 
- 

2.25 

7.75 

- 
- 

4.91 

7.33 
- 
- 

7.41 

19.65 

4.50 
- 
- 

7. 16 

5.33 
- 

1.33 

7.50 

25.82 

- 
- 
- 

7.75 
- 

1 and 2 
- 
- 

2 and 3 

1 and 2 
- 
- 

2 and 3 

1 and 2 
- 
- 

2 and  3 

1 and 2 
- 

2 and 3 

- 
- 
- 

2 and 3 
- 

7.08 

7.75 

4.91 

7.58 

7.33 

7. 83 

7.41 

49.89 

7.58 

6.91 

6.83 

7. 16 
7.41 

7.08 

1.33 

7.50 

58.46 

7.66 

7.83 

4.16 

7.75 

7.75 

137 



Table A-13 (page 2 of 2) 

Site 1 Site 2 Si te  3 Redundant Tota l  
Orbit  S e  Mpl s Bos Sites Usable Day 

- - 7.55 3 41 7.55 - 
- - 7.55 41 7.55 - 

42 4.66 - - - 4.66 

46 - - 6. 33 - 6 .33  

47 - 6.66 6. 50 2 and 3 7. 08 

Total  24.50 24.33 20.58 60.77 

4 48 

49 

54 

55 

5 6  
5 7  

62 
63 

Total  

5 64 

65 

70 

71 

72 

73 

77 

78 

Total  

5. 16 
7.58 

- 
4. 75 

7.75 

6.67 
- 
- 

6.33 

6 .91  
- 
- 

7.75 

- 
5.75 

7.00 

- 
7. 58 

3.00 

- 
2 and 3 

1 and 2 

- 
2 and 3 

6.67 

7.58 

5 .75  

7.58 

7.00 

7.75 

7.58 

7.75 

25. 24 27.66 23.33 57.66 

7. 25 

6.33 
- 
- 

7.00 

6.66 
- 

3.33 

- 
7.66 

4. 25 

- 
4.75 

- 
7. 41 

4. 25 

- 
3.83 

7.50 

1 and 2 

- 
2 and 3 

1 and 2 

- 
2 and 3 

7. 25 

6.33 

7.41 

7. 66 

7.00 

6.66 

3.83 

7.50 

27.24 19.99 22.99 63.64 

280.42 5-day total  127.54 120.25 112.37 


